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THE  REACriON  OF  STANNIC  CHLORIDE  AND 


BROMIDE  WITH  AMINO  ACIDS 

T.  Suinarokova  and  E.  Yarniukhamedova 

Institute  of  Chemistry  of  the  Academy  of  Sciences  of  the  Kazakh  SSR 
Translated  from  Z-hurnal  Obshchei  Khimii,  Vol.  30,  No.  8, 
pp.  2411-2148,  August,  1960 
Original  article  submitted  July  23,  1959 

We  have  previously  [IJ  studied  the  complex-forming  reactions  of  SnCl*  and  SnBr4  with  glycine  in  acetic 
and  trichloroacetic  acids.  In  these  studies  it  was  established  that  when  halides  of  tetravalent  tin  act  on  a  solution 
of  glycine  in  acetic  acid,  the  complex  compounds  SnX4‘2AcH *20111  and  SnX4.4GlH  are  formed,  and  when  stannic 
chloride  acts  on  a  solution  of  glycine  in  CCI3COOH,  the  compound  80X4  *20111  is  formed. 

Continuing  the  uivestigation  in  this  direction,  we  decided  to  study  the  reaction  of  stannic  chloride  and  bro¬ 
mide  with  «-  and  fl -alanine,  and  also  with  leucine  in  different  solverjts  (CH3COOH,  CCl3CCX)H,  and  CHjNO^). 

EX  PERIMENTAL 

Benzene,  acetic  and  trichloroacetic  acids,  and  also  stannic  chloride  and  bromide  were  purified  in  the  manner 
previously  described  [1,  2];  the  nitromethane  was  dried  over  P2O5  and  then  distilled  twice;  for  the  work  we  used  the 
fraction  that  boiled  at  98’  (693  mm).  The  glycine,  a  -  and  6 -alanine,  and  leucine  of  chemically  pure  grade  were 
not  purified  further.  The  complex  compounds  of  the  stannic  halides  with  the  amino  acids  were  prepared  by  care¬ 
fully  adding  solutions  of  the  amino  acids  in  CH3COOH  (orCCl3COOH  or  CH3N02)  to  the  stannic  chloride  or  bromide 
at  the  calculated  rate  of  1  mole  of  stannic  halide  to  1, 2,  or  4  moles  of  the  amino  acid.  We  prepared  some  complex 
compounds  by  displacement  of  the  carboxylic  acids  from  their  salts  with  the  amino  acids  by  the  stannic  halides  or 
by  displacement  of  the  carboxylic  acids  by  amino  acids  from  the  appropriate  complex  compounds,  and  also  by  mix¬ 
ing  the  components  in  the  determined  stoichiometric  ratio  in  the  absence  of  a  solvent.  Li  cases  where  crystalliza¬ 
tion  of  the  compounds  occurred  in  the  solvents,  the  crystals  were  separated  from  the  mother  liquors  on  glass  filters, 
carefully  washed  with  benzene,  dried  in  a  vacuum  desiccator  over  P2O5,  and  then  analyzed  for  tin  and  chlorine. 

In  those  cases  where  a  viscous  liquid  separated  out  from  the  solutions,  this  liquid  was  separated  from  the  mother 
liquor,  washed  with  benzene  or  acetic  acid,  and  placed  in  a  vacuum  desiccator  to  remove  the  solvent.  Upon  re¬ 
moval  of  the  solvent,  the  viscous  liquid  was  analyzed  for  tin  and  chlorine. 

The  Systems  SnCl4  — a-Anll  ^nd  SnBr4  — a-AnH 

In  Table  1  the  results  are  presented  of  analysis  of  the  precipitates  obtained  by  mixing  the  components  in 
different  stoichiometric  proportions  in  acetic  and  in  trichloroacetic  acids,  and  also  in  nitromethane. 

The  data  that  we  obtained  (Table  1)  indicate  that  when  SnClj  and  SnBr4  are  mixed  witli  solutions  of  a-alanlne 
in  CH3COOH,  CCI3COOH,  and  CH3N02,  a  number  of  products  are  formed.  Formation  of  the  complex  compounds 
[SnXgJ a-AnH2)2  showsthat  in  CH3COOH,  CCI3COOH,  and  CH3NOi  solvolysis  takes  place,  which  in  our  opinion  goes 
according  to  the  following  scheme,  where  B  =  CH3COO"  or  CH2NC^": 

1)  2Anll  4-21U1  ^211-  4  2AnHj’ 

2)  213-  +  SlIX4r-lSnX4(^)2l-- 

4)  2AnH  +2SnX4  +  2mi  7l!:[SnXcI(AnH2)2  +  SriX2(l3)2 
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TABLE  1 


Found  (%) 

Calculated 

! 

t 

•s  0 

Composition  of  compound 

Solvent 

Remarks  \ 

1 

1 

,  1 

m 

Sn 

CI(Br) 

Sn 

a(Br) 

Stannic  chloride- 

-  a-alanine 

*  1 

1 

24.21 

41.07 

1  : 1 

24.:i3 

23.86 

40.49 

41.79 

[SnCl.](>-AnH,), 

23.20 

41.58 

CH3COOH 

1 

Crystals  • 

23.6! 

40.21 

i 

1  :  1 

24.r,.'-> 

24.60 

39.18 

40.38 

►  rSnCI,K«-AnHj, 

23.20 

41.58 

CH3NOJ 

1 

Crystals 

1 

.:2{ 

22.88 

22.68 

2.5.72 

25.85 

SnCI.  •  2AcH  •  2>-AnH 

21.24 

25.38 

CH3COOH 

Crystals  j 

1  :  2 

0.44 

17.93 

(«-AnH)t  •  HCI 

— 

16.52 

CH3COOH 

Crystals  | 

23.86 

40.41 

23.37 

41.10 

i 

1  :  2 

23.»;n 

41.04 

1 

23.:{8 

2:1.44 

41.82 

41.41 

[SnCI«X>-AnH,), 

23.20 

41.58 

CCI3COOII 

Crystab  i 

41.:i6 

i 

41.30 

1 

19.79 

22.60 

j 

1  :4. 

19.21 

22.21 

I 

18.94 

18.98 

2:1.56 

22.5:1 

22.38 

SnCI«  *  4«-AnII 

19.24 

23.06 

CH3COOH 

Viscous  1 

liquid  1 

1:4 

— 

16..53 

(■•AnH)«  •  HCI 

— 

16.52 

CH3COOH 

Crystals  j 

16.11 

l.‘>.9.5 

l.'>,79 

19..56 

Action  of  stannic  | 

1(5.18 

19.52 

chloride  on 

1  :4 

16.00 

19.24 

alanine  trich- 

16.84 

19.48 

Slid,  •  2CCl,COOH  •  Cd-AnH 

15.50 

18.52 

loroacetate 

1(5.84 

1(5,90 

i 

16.76 

Stannic  bromide- 

oi~  alanine 

l.'i.85 

61.14 

1.6.71 

60.27 

1:1 

15.24 

1.6..60 

60.92 

61.06 

ISnBr.K-AnH,), 

15.24 

61.65 

CII3COOH 

Viscous 

15.09 

61.63 

liquid' 

15.74 

61.35 

15.37 

15.84 

43.23 

15.97 

42.9 » 

1  :  2 

15.74 

43.7  « 

16.01 

16.20 

43.87 

43.13 

SnBr,  •  2AcH  •  2a>AnH 

16.12 

43.30 

ClIjCOOIl 

4.3.27 

43.05 

19.10 

51.28 

1  :  2 

19.15 

19.28 

19.36 

51.53 

51.12 

51.23 

SnBr,  •  2a-Aari 

19.25 

51.84 

In  absence  of 

solvent 

19.14 

15.07 

39.95 

1.5.12 

40.09 

1 :  4 

1 

15.10 

14.92 

14.99 

40.27 

40.03 

39.88 

SoBr,  •  4a-AnH 

14.93 

40.26 

CH3COOH 

Viscous 

liquid 

2426 


From  this  diagram  it  can  be  seen  that  as  a  result  of  the  solvolysis  the  compounds  SitXi(CH5COO\  and 
SnX2(Cil2N02)i  arc  formed.  These  compounds  should  be  comparatively  soluble  in  CH3COOH  (or  CHsNOj)  and 
be  found  in  the  filtrate.  To  verify  this  we  analyzed  the  solid  phase  and  the  filtrate  of  the  mixtures  (1  mole  SnCl4 
to  1  mole  a-alanine  in  CH3COOn  and  CH3NO2).  It  turned  out  that  the  atomic  ratio  Sn:  X  in  the  precipitates  was 
1 ;  5.9  and  1  :  5.5,  respectively,  and  in  the  filtrates  was  1 :2.4  and  1 :  2.9.  Thus,  the  results  of  the  analysis  confirm 
the  suggested  scheme  of  solvolysis. 

When  solutions  of  a-alanine  in  CHjCOOU  (or  in  Cn3Nih2)  are  mixed  with  SnCl4  (or  SnBr^),  the  reaction  may 
stop  at  the  stage  of  the  formation  of  the  complex  compounds  SnX^  •  2011  •  2a-AnH  (in  the  case  of  mixing  the  com¬ 
ponents  in  the  ratio  1 :  2)  and  $11X4  •da-Anll  (when  the  components  arc  mixed  in  the  ratio  1 :4).  The  complex  com¬ 
pound  SnCl4  Ma-Anll*  was  also  obtained  by  displacement  of  CH3COOH  with  alanine  from  the  Internal  sphere  of 
the  complex  compound  SnCl4  •  2AcH  •  2a-AnH.  The  compound  SnBr4*2«-AnH  was  formed  when  the  components 
were  mixed  in  the  ratio  J  :  2  in  the  absence  of  solvent.  We  have  not  yet  succeeded  in  preparing  the  analogous  com¬ 
pound  for  stannic  chloride,  since  a-alanlne  does  not  dissolve  in  stannic  chloride  even  at  the  boiling  point  of  the 
latter.  We  also  tried  to  prepare  this  compound  by  displacement  of  CCI3COOH  by  stannic  chloride  from  alanine  trl- 
chloroacetate.  In  contrast  to  glycine,  however,  when  stannic  chloride  acts  on  alanine  trichloroacetate,  apparently 
addition  of  the  alanine  trichloroacetate  to  the  stannic  chloride  takes  place,  and  not  displacement  of  the  CCI3COOH 
from  its  salt.  From  the  mother  liquors  of  the  1 : 2  and  1 :4  mixtures  we  isolated  alanine  hydrochloride,  formed  as 
a  result  of  solvolysis: 


.Sii(;i4  •  4a.AiilI  -f  2CII3COOII  :;i^;SiiCl2(CIl3COO)2 -{-2(j-AnM)2  •  IK'l 

The  high  tin  content  and  low  chlorine  content  in  some  reaction  products,  contrary  to  the  formulas,  can  be 
explained  by  the  presence  of  the  solvolysis  product  811X2  (B)^. 

The  Systems  SnCl4— fl-AnH  and  SnBr4— fl  -A  nH 

In  Table  2  the  results  are  given  for  the  analysis  of  the  reaction  products  obtained  when  SnCl4  and  SnBr4  were 
mixed  with  solutions  of  3 -alanine  in  CH3COOH  and  CCI3COOH. 

The  results  of  the  analysis  of  the  reaction  products  (Table  2)  show  that  when  SnCl4  was  mixed  with  a  solu¬ 
tion  of  6 -alanine  in  CH3COOM  (in  the  ratios  1 : 1,  1 :  2,  and  1 :4),  and  also  in  CCI3COOH,  the  compound  [SnCljJ* 
(6-AnH2\  was  formed.  An  analogous  compound  was  obtained  by  the  action  of  stannic  bromide  on  solutions  of  8- 
alanine  in  CH3COOH  and  CCI3COOH.  Furthermore,  when  the  stannic  halides  were  mixed  with  6 -alanine  In  the 
ratio  1 :  2  in  CH3COOil,  the  compounds  80X4  •  2AcH  •  23 -Anil  and  [8nXg]  (8 -AnH2)l2  were  formed.  From  a  mixture 
of  stannic  bromide  with  6 -alanine  in  CH3COOH  in  the  ratio  1:4  a  viscous  liquid  separated  out,  analysis  of  which 
showed  that  it  was  the  compound  8nBr4*48-AnH.  The  complex  compound  8nCl4*43-AnH  was  obtained  by  dis¬ 
placement  of  two  molecules  ofCH3COOH  by  alanine  from  the  compound  8nCl4  •  2AcH  •  28 -Anil.  compound 
8nBr4  •  28  -Anil  was  obtaihed  by  mixing  the  components  in  the  ratio  1 :  2  in  the  absence  of  a  solvent.  When  we 
attempted  to  prepare  the  compound  8nCl4*28  -AnH  by  displacement  of  CCI3COOH  by  stannic  chloride  from  alanine 
trichloroacetate,  apparently  the  addition  product  8nCl4 •  2CCI3COOH •  28 -Anil  was  obtained. 

Wc  also  carried* out  the  cryoscopic  titration  of  fl -alanine  with  stannic  chloride  and  bromide  in  CH3COOH 
and  CCI3COOH  (Figs.  1  and  2).  When  stannic  chloride  (or  bromide)**  was  added  to  a  solution  of  8 -alanine  in 
CM3COOH,  we  observed  a  decrease  in  the  depression  [AT]  up  to  50  mole  [of  the  stannic  halide],  but  on  further 
addition  of  stannic  chloride  the  depression  increased  sharply.  The  equivalence  point  corresponds  to  50  mole 
and  the  depression  at  this  point  is  a  little  more  than  1/2  of  the  Initial  value,  which  confirms  the  presence  of  sol¬ 
volysis  in  the  system  and  the  suggested  mechanism  of  solvolysis.  Actually,  from  consideration  of  Equation  (4) 
it  follows  that  when  the  stannic  halides  act  on  a  solution  of  the  amino  acid  in  CH3COOiI  (in  view  of  the  fact  that 
CII3COOH  is  the  solvent  and  that  [8nXe]  (6 -AnH2)i  separates  out  in  the  precipitate),  the  number  of  particles  decreases, 
since  as  a  result  of  the  reaction  one  molecule  of  8nX2(CH3COO)i  appears  in  the  solution  in  place  of  two  molecules 
of  the  amino  acid.  The  equivalence  point  sliould  be  at  the  equimolecular  composition,  since  two  molecules  of  the 
stannic  halide  are  expended  for  two  molecules  of  amino  acid. 


*  The  compound  8nCl4*4a-AnH  has  been  described  in  the  literature  [31 
•♦The  solvolysis  does  not  go  to  completion. 
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TABLE  2 


Found  (%) 


0 

•d  X  < 

rt  C  • 
OS  C/1  tn 

Sn 

n  (Hr) 

{ 

2‘Lin 

40.69 

l:l 

40.62 

2\.vi 

40.61 

1 

2:j.Hi 

zvw 

41.10 

.:3j 

2.\M 

be 

( 

21  Js 

25.61 

1:2 

2I.H4 

25..50 

21  .K2 

25.22 

1 

21  .r»H 

25.58 

2:i.H') 

41.44 

2:«.»  1 

41. .55 

1  :  2 

2:i.i«> 

4 1 .02 

2:1/1 7 

41.45 

2:i..'i4 

41.52 

23.81 

41.62 

f 

l.'i./H 

18.84 

1:2 

i.^h:* 

18.88 

l.\n:i 

18.46 

1 

15.91 

18.36 

( 

23.5fi 

41.12 

1:4 

2:1.51 

4l.:i7 

1 

2:ui3 

40  04- 

in.'jo 

2:’.67 

19.27 

22.7:1 

1  :4 

19.27 

2:\83 

19.28 

22.76 

22.47 

22.40 

f 

l.'i.SS 

61.81 

15.51 

1.5..58 

61.15 
61.57 

61.16 

ifi.nn 

61.12 

lH.(i() 

60.93 

{ 

1H.87 

4:i.96 

1:2 

ir>.:il 

4:1.22 

in.r,2 

4:1.72 

1 

16.28 

4:1.45 

iR.'^n 

51.43 

19.03 

5l.:i7 

1  :  2 

l'<,7;i 

51.42 

18,1  9 

51.20 

IS.OM 

51.09 

18.5.1 

51.71 

( 

14.40 

39.21 

1:4 

14.47 

14.79 

Composition  of  compound 


Calculated 

(% 

Sn 

C1(nr) 

Solvent 


Stannic  chloride-  B-alanine 
ISnCl.K  »-AnH,), 


(SnCI.](,1-Anl(,), 


SnCIi  •  2AcH  •  23-AnH 


(SnCl.l(3-AnH,), 


SnCI.  •  2CCLCOOU  •  2^Anll 


(SnCl.l(3-AnH,), 


SnCI,  •  4it-AnII 


(Snnr,l(3-AnH,), 


[SnBr.I(3-AnH.), 


SnBr,  •  2AcH  •  ^VAnH 


SnBr,  •  23-AnH 


23.20 

41. .58 

23.20 

41.58 

21.24 

25.38 

23.20 

41.58 

15.50 

18.52 

23.20 

41.58 

19.24 

23.06 

-  0  -  a 

la  nin 

i5.24 

61.60 

15.24 

61.60 

16.11 

43.44 

19.25 

51.84 

14.93 

40.22 

CII3COOII 

CCI3COOII 

CH3COOH 

CCI3COOH 


CCI3COOH 


CIl3C00n 

cci3COon 

CH3COOII 


CFiaCOOll 


Remarks 


Crystals 

Crystals 

Crystals 


Crystals 

Action  of  SnCl4 
on  alanine  tti- 
chloroacetate 

Crystals 

By  the  action  of 
alanine  on  the 
compound 
SnCV2AcH- 
26-AnH 

Crystals 

Crystals 

Viscous  liquid 
crystallizing 
on  standing 


[n  absence 
of  solvent 

V 


SnBr,  •  43-AnH 


iscous  liquid 


dt 


SnBrt, 

Fig.  1 .  Cryoscopic  titration 
of  8 -alanine  with  stannic 
bromide  (1)  and  stannic  chlo¬ 
ride  (2)  in  CH3COOH. 

In  the  cryoscopic  titration  of  8  -alanine  with  stannic 
chloride  in  CCljCOOll  (Fig.  2)  the  formation  of  precipitate 
was  observed  and  a  decrease  in  the  depression  up  to  33  mole  °lo 
of  SnCl.j,  after  which  the  depression  increased.  The  change  in 
the  depression  in  the  system  Indicates  the  formation  of  the 
compound  SnCl4  •  2CCI3COOH  •  26  -Anil. 


Fig.  2.  Cryoscopic  titration 
of  8  -alanine  with  stannic 
chloride  in  CCI3COOH. 


The  Systems  SnCl4— Leull*  and  SnBr4~LeuH 

In  Table  3  the  results  are  given  for  the  analysis  of  the  reaction  products  obtained  in  the  reaction  of  SnCl4 
and  Snnr4  with  leucine  in  Cn3COOH  and  CCl3COOn. 

The  results  of  the  analysis  show  that  when  SnCl4  and  SnBr4  were  mixed  with  leucine  in  CH3COOH,  the  com¬ 
pounds  [SnClg]  (1.0111-12)2  and  [SnBtg] (LeuH2)i  were  formed.  From  a  mixture  of  1 :2  composition  crystals  of  (LcuH)2* 
•HCl  and  (LeuH2)j  *  HBr  precipitated  on  prolonged  standing.  The  formation  of  all  these  reaction  products  indicates 
that  when  the  stannic  halides  react  with  leucine  in  CH3COOH,  solvolysis  takes  place.  Along  with  this  process,  the 
formation  of  the  complexes  SnX4*4LcuH  and  811X4  *  2AcH  .  2LeuH  takes  place. 


The  Systems  SnCl4— GIH  ^nd  SnBr4— GIH 

When  stannic  chloride  and  bromide  acted  on  solutions  of  a-  and  8  -alanine,  and  also  leucine  in  CH3COOH  and  in 
CCI3COOH,  we  obtained  the  complex  compounds  [SnXgJf  AmH2)2, 80X4 ' 2AcH  •  2AmH,  SnX4  •  4AmH,  and  80X4  2AmH. 

Previously,  in  a  study  of  the  reaction  of  SnCl4  SnBr4  with  glycine  we  isolated  complex  compounds  analogous 
in  composition  to  the  last  three.  We  did  not  find  the  compound  [SnXgJ  (AmH2)i,  and  we  therefore  returned  to  a 
study  of  the  reaction  of  glycine  with  stannic  chloride  and  bromide  in  different  solvents  (CMgCOOH,  CCI3COOH, 
and  CHaNOj). 

In  Table  4  the  results  of  the  analysis  of  the  reaction  products  are  given. 

From  a  consideration  of  the  results  of  the  analysis  it  can  be  seen  that  when  stannic  chloride  was  mixed  with 
solutions  of  glycine  in  nitromethane  and  in  acetic  acid  (in  the  ratios  1 : 1  and  1 :2),  tlie  complex  compounds  [8nClgJ* 
<G1H2\  and  8nCl4  •  2AcH  •  2G1H  were  formed,  and  also  glycine  hydrochloride.  Analogous  reaction  products  were 


•  LeuH  is  leucine. 
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TABLE  3 


io 
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Composition  of  compound 
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Remarks 

(O 

Sn 
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Sn 
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28.61 
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TABLE  4 
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j  [SnRr.KOlH,), 

15.S2 

61.90 

CCI3COOM 

15.90 

62.42 

[Snnr.l(GlH,), 

15.82 

61.90 

011300011 

16.19 

44.71 

] 

16.42 

4  4. HO 

1  SnDr,  •  2AcH  •  201H 

16.75 

45.11 

OIlaCOOH 

16.27 

44.76 

1 

_ 

34.HH 

] 

— 

34.42 

34.43 

1  (Gill),  •  liDr 

— 

34.59 

OH3COOH 

— 

34.46 

I 

19.13 

1 7.4.5 

.54.10 

54.05 

1  SnPr,  •  201H 

20.16 

54.31 

14..S5 

14.24 

38.09 

1  SnDr,  40111 

16.07 

43.23 

Crystals 


Crystals 

Crystals 


Crystals 

In  absence 
of  solvent 


obtained  when  stannic  bromide  acted  on  glycine  in  Cn3COOn  and  CCI3COOH.  Furthermore,  tlie  compound  SnBr4* 
•2G111  was  obtained,  wliich  we  were  unable  to  isolate  in  good  time.  This  compound  was  obtained  by  the  action  of 
stannic  bromide  on  tlie  crystalline  compound  GIH  •  CCI3COOH.  Upon  heating,  we  observed  the  displacement  of 
CCI3COOU  and  the  formation  of  a  cleat  viscous  liquid.  After  washing  of  this  viscous  liquid  with  hot  benzene  and 
subsequent  removal  of  the  benzene,  we  obtained  a  glassy  mass.  Analysis  of  this  mass  showed  that  its  tin  and  bro¬ 
mine  content  corresponded  to  the  compound  SnBr4*2Gin.  When  the  compound  was  dissolved  in  CH3COOH,  a  clear 
viscous  liquid  was  formed,  from  which  needle-shaped  crystals  separated  on  prolonged  standing.  Analysis  of  these 
crystals  corresponded  to  the  composition  of  the  compound  SnBr4  •  2AcH  •  2G1U,  which  wc  had  obtained  previously 
[1].  When  the  compound  SnBr4*2GlH  was  dissolved  in  excess  cn3COOH  and  tlie  solution  was  heated,  a  crystalline 
product  was  formed,  in  which  we  found  no  traces  of  tin  and  the  bromine  content  of  which  corresponded  to  the  com¬ 
pound  (GIH)^  •  HBr. 

Thus,  these  data  show  that  with  glycine,  in  addition  to  the  complex -forming  reactions,  solvolysis  takes  place, 
as  with  alanine  and  leucine. 


SUMMARY 

1.  The  reaction  of  the  halides  of  tetravalent  tin  with  glycine,  leucine,  and  a-  and  S -alanine  in  different 
solvents  (CH3COOH,  CCI3COOH,  and  CH3NOJ)  has  been  studied.  It  has  been  established  that  along  with  the  com¬ 
pounds  SnX4'2AmH,  SnX4*4AmH,  and  SnX4 ‘ 2BH  •  2AmH,  the  compounds  [SnXg]  (AmU2)2  and  SnX2(B\  are  formed, 
where  X  =  Cl  or  Br,  Amll  is  an  amino  acid  molecule,  and  BM  is  a  solvent  molecule. 

2.  It  has  been  shown  that  when  the  stannic  halides  act  on  the  amino  acids  in  such  solvents  as  CH3COOH, 
CCI3COOH,  and  CH3NC^,  solvolysis  takes  place,  along  with  the  complex-forming  reactions.  The  presence  of  solvolys 
has  been  confirmed  by  the  reaction  products  isolated  and  by  cryoscopic  investigation. 


LITERATURE  CITED 


1.  T,  Sumarokova  and  t.  Yarmukhamedova,  Zhur.  Obshchel  Khlm.  3295  (1956).* 

2.  T.  Sumarokova  and  L  Lltvyak,  Izvest.  Sektora  Platinyl  Drug.  Blagorod.  Metal.,  Inst.  Obshchel  Khlm.  Akad. 
Nauk.  SSSR.  No.  27,  127  (1952). 

3.  P.  Pfeiffer,  Organlsche  Molekulvcrblndungen,  124  (1922). 


•  Original  Russian  pagination.  See  C.  B.  Translation. 


2432 


ORIENTATION  IN  SUBSTITUTION  IN  THE  AROMATIC  NUCLEUS 


VI.  ORIENTATION  OF  THE  SULFO  GROUP  IN  THE  SULFONATION  OF  TOLUENE 
A.  A.  Spryskov 

Ivanovo  Chemical  Technological  Institute 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  8, 
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Many  reactions  of  substitution  in  tfie  aromatic  nucleus  may  go  both  .is  reversible  and  as  practically  Irreversible 
reactions  by  changing  the  conditions  under  which  they  are  run.  Thus,  the  reactions  of  sulfonation,  alkylation,  halo- 
genation,  and  in  some  cases  even  of  nitration  [IJ  may  proceed  both  reversibly  and  irreversibly  depending  on  the 
conditions.  If  the  substitution  reactions  proceed  under  conditions  where  they  are  reversible,  then  the  result  of  the 
substitution  reactions  frequently  stands  outside  the  frame  of  the  classical  rules  of  orientation  in  the  benzene  nucleus. 
The  character  of  substitution  reactions  depends  mainly  on  tlie  temperature.  Thus,  aromatic  sulfonic  acids  are  not 
hydrolyzed  at  low  temperatures,  and  the  sulfonation  reaction  proceeds  in  a  practically  irrcvcrisble  manner.  When 
the  temperature  is  raised,  sulfonic  acids  acquire  the  ability  of  being  hydrolyzed  at  a  measurable  speed,  and  the  sul¬ 
fonation  reaction  proceeds  in  a  reversible  manner. 

The  results  of  studying  the  sulfonation  of  toluene  under  various  conditions  arc  discussed  in  the  present  paper. 

In  the  90  years  elapsing  since  the  Isolation  of  o-  and  p-toluenesulfonic  acids  by  Engelhard!  and  Lachinov  [2], 
a  large  number  of  papers  has  been  devoted  to  a  study  of  the  sulfonation  of  toluene.  However,  even  at  the  present 
time  a  study  of  the  process  of  formation  of  the  isomers  remains  far  from  being  complete.  After  it  was  discovered 
by  Clacsson  [3 J  that  m-tolucnesulfonic  acid  is  present  in  the  sulfonation  product  of  toluene,  the  question  as  to  its 
amount  led  to  controversy  in  the  old  papers  until  the  paper  by  Holleinan  and  Caland  appeared  [41  It  was  shown 
by  these  authors  that  when  the  temperature  is  raised  from  0  to  100*  the  amount  of  the  o-isomer  decreases  in  round 
numbers  from  50  to  15^70,  that  of  the  p-isomcr  increases  from  57  to  7S7o,  while  the  amount  of  the  m-lsomcr  increases 
from  3  to  W'h,  Both  the  ratio  of  the  reactants  and  the  concentration  of  the  sulfuric  acid  used  also  exert  an  influence 
on  the  ratio  of  the  isomers,  but  to  a  much  less  degree  than  the  temperature.  The  question  of  the  amount  of  m- 
Isomer  formed  was  not  touched  upon  in  later  papers  on  the  sulfonation  of  toluene.  Attempts  to  sulfonate  toluene 
at  temperatures  considerably  above  100*  showed  essentially  nothing  [5].  * 

First  of  all  we  examined  the  hydrolysis  of  the  isomeric  toluenesulfonic  acids  under  various  conditions.  The 
results  of  tlie  experiments,  given  in  Table  1,  indicate  that  only  the  o-isomer  is  noticeably  hydrolyzed  at  100*.  All 
three  isomers  are  hydrolyzed  at  137*.  The  hydrolysis  goes  at  a  much  faster  rate  at  155*.  Consequently,  the  reac¬ 
tion  for  the  sulfonation  of  toluene  becomes  reversible  at  a  temperature  somiewhat  below  137*. 

The  results  of  the  experiments  on  the  sulfonation  of  toluene  arc  given  in  Table  2.  At  0*  the  reaction  of 
chlorosulfonic  acid  with  toluene  (7  ml  per  3  g),  as  the  result  of  the  primary  act  of  the  sulfo  group  entering  the 
ring,  yields  approximately  equal  amounts  of  tlie  o-  and  p-isomers  and  about  470  of  tlicm-isomer.  At  100*  the 
p-isomer  predominates  due  to  hydrolysis  of  tlie  o-isomcr  and  resulfonation  of  the  toluene.  The  amount  of  m- 
isomer  increases  very  slowly  and  only  after  400  hr  does  it  reach  87o.  At  128*  the  reaction  is  reversible.  Here  the 
more  stable  m -isomer  tends  to  accumulate,  and  in  less  than  850  hr  the  system  reaches  a  state  that  is  close  to  the 
equilibrium  between  the  isomers.  Further  reaction  does  not  change  the  composition  of  the  equilibrium  mixture. 


TABLE  1 


Hydrolysis  of  Toluenesulfonic  Acids  in  Hydrochloric  Acid  for  25 
Hours 


Toluene¬ 

sulfonic 

acid 

HCl  con¬ 
centration 
(in%) 

1  Moles  H20^ 

/  mole  sul¬ 
fonic  acid 

Tempera- 

ttire 

Amount  hy¬ 
drolyzed,  % 

Ortho- 

31.2 

4.47 

100® 

0.6 

Para- 

27.5 

5.:i6 

100 

0 

Meu- 

30.4 

4.H5 

1(K) 

0 

Ortho- 

31.3 

4.51 

137 

10.6 

Para- 

30.8 

4.55 

137 

4.7 

Meta- 

31.2 

4.48 

137 

0.2 

Ortho- 

32.2 

4.27 

155 

93.9 

Para- 

31.1 

4.50 

1.55 

49.4 

Meta- 

32.3 

4.24 

155 

3.2 

TABLE  2 

SulfonatioD  of  Toluene  with  94.2‘7«  Sulfuric  Acid 


Expt. 

No. 

Temperature 

Time,  hr 

F.  p.  of  ob¬ 
tained  chlo¬ 
ride 

Composition  of  mixed  toluenesul¬ 
fonic  acids.  % 

ortho- 

para- 

meta- 

1 

( 

4 

56.8® 

16.6 

80.0 

3.4 

2 

25 

60.0 

10.4 

86.0 

3.6 

3 

lUl  1 

100 

60.5 

7.4 

87.0 

5.6 

4 

1 

400 

57.9 

9.8 

82.0 

8.2 

r> 

88 

45.6 

6.6 

60.1 

33.3 

B 

288 

37.8 

3.3 

49.8 

46.9 

7 

847 

31.0 

2.5 

41.8 

55.7 

8 

1687 

30.2 

35 

41.0 

55.5 

9 

4 

50.5 

7.8 

68.2 

24.0 

10 

12 

45.8 

4.0 

60.4 

35.6 

11 

162 

25 

36.2 

4.2 

47.8 

48.0 

12 

50 

31.8 

3.3 

42.7 

54.0 

13 

70 

29.2 

7.1 

39.8 

53.1 

14 

4 

40.7 

8.6 

53.2 

38.2 

15 

8 

38.7 

8.1 

50.8 

41.1 

16 

181 

11 

29.9 

7.2 

40.5 

52.3 

17 

16 

29.4 

5.8 

40.5 

54.2 

18 

27 

32.2 

4.3 

43.2 

52.5 

19 

1 

1 

39.6 

7.9 

52.0 

40.1 

20 

2 

— 

_ 

_ 

49.4 

21 

3 

32.0 

2.9 

43.0 

54.1 

22 

1 

4 

30.0 

4.5 

40.7 

54.8 

In  the  three  following  series  of  experiments  the  sulfonation  was  run  at  162, 181  and  200*.  For  all  practical 
purposes  the  equilibrium  state  in  these  three  series  of  experiments  was  reached  in  about  40-50,  11-12  and  3  hours, 
respectively,  with  the  equilibrium  mixture  containing,  on  the  average,  54‘^^»  m-,  41%  p-  and  5%  of  the  o-isomer. 

It  is  possible  that  the  composition  of  the  equilibrium  mixtures  changes  when  the  temperature  is  varied  from  128 
to  200*,  but  this  change  lies  within  the  limits  of  accuracy  of  the  method  used  for  the  quantitative  determination 
of  the  isomeric  toluenesulfonic  acids. 
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TABLE  3 

Isomerization  of  Toluenesulfonlc  Acids  in  Sulfuric  Acid 
at  IGO* 


Tolucncsul- 

Duration  of 

Composition  of  mixed  toluenesulfonlc 
„  acids^>  ..  .. 

fonic  acid 

heating,  hr 

ortho-  1 

para-  | 

j  meta- 

Para-  | 

40 

100 

12.3 

9.2 

40.8 

3.3.5 

40.9 

55.3 

Meta-  1 

30 

100 

j 

4.9 

7.fi 

34.0 

34.4 

01.1 

58.0 

Composition  of  Equilibrium  Mixtures  (in  '1o) 


Process 

Ortho- isomer 

Para-  isomer 

Meta- isomer 

Sulfonation  of  toluene  at  128-200* 

H 

40 

54 

Sulfonation  of  chlorobenzene  at 

0 

46 

54 

185-238* 

Isomerization  of  dichlorobenzencs  at 

16 

30 

54 

120-180* 

We  also  subjected  pure  m-  and  p-toluencsulfonic  acids  to  isomerization  by  heating  them  in  81'7o  sulfuric 
acid.  The  results  of  these  experiments  are  given  in  Table  3.  These  experiments  show  that  sti'rting  with  the  p- 
isomer  it  is  possible  to  reach  a  state  close  to  cquilibrhjm  in  100  hr.  The  m -isomer,  being  less  reactive,  must  be 
heated  for  a  somewhat  longer  time  in  order  to  obtain  a  mixture  of  the  same  composition.  As  a  result,  it  is  also 
possible  to  obtain  the  equilibrium  mixture  of  the  isomers  by  starting  with  the  pure  sulfonic  acids. 

All  of  the  above  discussed  experiments  show  that  the  m -isomer  is  the  most  stable,  both  kinctically  and  ther¬ 
modynamically.  The  o-isomcr  is  the  most  labile. 

Finally,  the  compositions  of  tlie  equilibrium  mixtures  formed  in  the  sulfonation  of  toluene  and  of  chloro¬ 
benzene  [6J  and  also  when  the  dichlorobenzenes  are  isomcrized  in  the  presence  of  aluminum  chloride  [7]  are  given 
in  Table  4.  In  all  cases  the  equilibrium  system  is  observed  to  contain  about  bVio,  i.e.,  a  constant  and  predominant 
amount  of  the  m -isomer.  This  indicates  that  chlorine  and  the  methyl  group  are  similar  in  their  orienting  influence 
in  the  benzene  nucleus.  The  variation  in  the  amounts  of  the  o-isomcr  formed  in  the  three  processes  cited  above 
is  explained  by  steric  factors. 

Actually,  the  halogenating  chloro-ion  is  smaller  in  size  than  cither  the  sulfonating  HSOj^  or  11350^'*’  ion,  which 
makes  it  possible  to  form  lG7t>  of  o-dichlorobenzenc  in  the  equilibrium  mixture.  The  sulfonation  of  toluene  gives 
about  57o  of  the  o-isomer,  since  the  methyl  group  occupies  a  small  space;  tire  sulfonation  of  chlorobenzene  leads 
to  the  practically  complete  absence  of  the  o-isomcr,  since  the  clilorinc  in  the  nucleus  occupies  a  greater  volume 
than  the  methyl  group. 

As  a  result,  the  results  obtained  in  the  sulfonation  of  toluene  and  chlorobenzene,  and  also  in  the  isomeriza¬ 
tion  of  the  dichlcrobcnzenes  at  elevated  temperatures  (100-238*),  do  not  fit  into  the  frame  of  the  classical  rules 
regarding  orientation  in  the  benzene  nucleus.  The  orientation  rules  retain  their  significance  under  those  conditions 
where  the  substitution  reactions  proceed  in  a  practically  irreversible  manner,  or  if  the  reaction  is  a  long  way  from 
the  equilibrium  state.  In  substitution  reactions,  proceeding  under  conditions  of  reversibility,  in  the  presence  of 


orienting  substituents  of  the  1st  type  in  the  nucleus,  predominant  m-orientation  is  observed  in  a  number  of  cases 
due  to  the  accumulation  of  the  more  stable  m-isomer  in  the  reaction  mixture,  the  amount  of  which  in  a  state  close 
to  equilibrium  may  be  very  high  or  even  predominant. 

EXPERIMENTAL 

The  pure  o-,  m-  and  p-toluenesulfonic  acids  were  obtained  from  the  corresponding  toluenesulfonyl  chlorides, 
the  preparation  of  which  was  described  earlier  [81  The  chlorides  were  hydrolyzed  in  10%  alcohol  under  reflux,  and 
then  the  solutions  were  evaporated  until  the  test  for  chloride  ion  was  negative.  The  amount  of  water  in  the  sulfonic 
acids  was  determined  alkalimetrically. 

To  study  the  hydrolysis  of  the  sulfonic  acids,  the  mixture  of  weighed  chloride  and  water,  taken  in  the  pro¬ 
portions  of  5.5  moles  of  water  per  mole  of  chloride,  was  placed  in  a  test  tube,  which  was  sealed,  and  then  the 
chloride  was  hydrolyzed  by  heating  on  the  water  bath  with  frequent  shaking  for  2-3  hours.  The  time  when  the 
mixture  became  homogeneous  was  taken  as  the  start  of  the  experiment.  The  amount  of  hydrolyzed  sulfonic  acid 
was  established  by  the  amount  of  sulfuric  acid  formed,  which  was  determined  gravimetrically. 

The  toluene  used  in  the  sulfonation  experiments  was  obtained  from  pure  p-toluenesulfonyl  chloride,  which 
was  hydrolyzed  to  the  sulfonic  acid,  as  described  above,  and  then  the  latter  was  hydrolyzed  in  707o  phosphoric  acid 
by  passing  steam  throu^  the  mixture  at  160-180*.  The  toluene  that  steam -distilled  was  dried  and  distilled. 

For  the  sulfonation  experiments  a  mixture  of  1.5  g  of  toluene  and  4.25  g  of  94%  sulfuric  acid  was  sealed  in 
a  test  tube,  the  test  tube  heated  on  the  water  bath  with  shaking  untU  the  mixture  ceased  to  stratify,  and  then  the 
mixture  was  heated  in  an  Eyckmann  apparatus.  We  used  3.5  g  of  sulfuric  acid  in  the  experiments  that  were  run 
at  181  and  200*.  The  temperature  varied  within  il*  of  that  indicated  in  Table  2.  The  sulfonation  mixture  was  ■ 
analyzed  by  the  earlier-described  method  [8J. 

In  some  of  the  experiments  the  sulfonation  mixture  was  poured  into  water  in  order  to  determine  the  amount 
of  sulfones  and  insoluble  tats,  which  were  determined  by  filtration,  drying,  and  weighing.  Then  using  barium  car¬ 
bonate  and  sodium  sulfate,  the  sulfuric  acid  was  removed  from  the  solution,  while  the  toluene  sulfonic  acids  were 
converted  to  the  sodium  salts,  and  the  latter  by  reaction  with  phosphorus  pentachloride  were  converted  to  the  mixed 
sulfonyl  chlorides.  Thus,  in  Expt.  16  (Table  2)  the  amount  of  sulfones  and  tars  represented  1.3%  of  the  weight  of 
the  sulfonation  mixture.  The  mixed  sulfonyl  chlorides  were  obtained  in  79%  yield  (based  on  toluene  taken).  In 
Expt.  19  the  amount  of  sulfones  and  tars  was  1.54%,  and  in  Expt.  20  it  was  1.6%  of  the  weight  of  mixed  toluene- 
sulfonic  acids. 

P.  T.  Pestova  assisted  in  the  work. 


SUMMARY 

Experiments  on  the  hydrolysis  of  o-,  m-  and  p-toluenesulfonic  acids  in  30%  hydrochloric  acid  revealed  that 
only  the  o-isomer  is  hydrolyzed  at  100*.  Hydrolysis  of  all  of  the  isomers  is  observed  at  around  130*.  The  reactivity 
in  the  hydrolysis  decreases  in  the  order  o-  >  p-  >  m-. 

The  sulfonation  of  toluene  at  128*  and  higher  leads  to  an  equilibrium  mixture  of  the  isomers,  containing 
5%  0-,  41%  p-  and  54%  m-isomer.  A  statecloseto  the  equilibrium  is  reached  in  3  hr  at  200*,  in  11  hr  at  181*,  etc. 

A  mixture  of  isomers  having  a  composition  close  to  that  of  the  equilibrium  mixture  was  also  obtained  by 
heating  the  pure  p-  and  m-toluenesulfonic  acids  in  81%  sulfuric  acid. 

As  a  result,  predominantly  m-orientation  is  observed  under  conditions  where  the  sulfonation  of  toluene  is 
reversible.  This  is  due  to  the  accumulation  of  the  more  stable  m-isomer  in  the  reaction  mixture,  which  does  not 
fit  into  the  frame  of  the  classical  rules  regarding  orientation  in  the  benzene  nucleus. 
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P.  A.  Petyunin  and  Yu.  V.  Kozhevnikov 
f^rm  rtiarmaceutical  Institute 

Translated  from  Zhurnal  Obshchel  Khimii,  Vol.  30,  No.  8, 

pp.  2453-2457,  August,  1960 

Original  article  submitted  June  29,  1959 


In  recent  years  great  interest  is  shown  in  the  N-substituted  amides  of  various  carboxylic  acids  as  being  com¬ 
pounds  with  possible  biological  activity.  In  this  respect  a  definite  interest  is  possessed  by  the  N-arylamides  of 
aromatic  amino  acids,  and,  in  particular,  by  the  derivatives  of  anthranilic  acid.  According  to  [IJ,  the  diethyl- 
aminocthylamide  of  triphenylamine-2-carboxylic  acid  exhibits  spasmolytic  activity,  while  the  synthesis  of  the 
corresponding  acridine  derivative  [2]  was  accomplished  by  starting  with  the  diethylaminoethylamide  of  dlphenyl- 
amine-2-carboxylic  acid. 

According  to  the  literature  [IJ,  the  arylamides  of  N-aryl -substituted  anthranilic  acids  may  be  obtained  by 
reacting  the  halides  of  the  corresponding  acids  with  amines,  and  belong  in  the  class  of  little-studied  compounds. 

The  arylamides  of  N-acylanthranilic  acids  possess  interest  as  starting  materials  for  the  synthesis  of  quinazolone 
compounds  [3]. 

In  an  earlier  paper  [4J  we  investigated  the  possibility  of  extending  the  reaction  between  magnesylamines  and 
esters  to  the  ester  of  N-aryl(alkyl)-  and  N-acyl -substituted  anthranilic  acids  for  the  purpose  of  obtaining  the  amides 
of  these  acids  and  making  a  study  of  their  properties.  The  starting  esters  (I)  taken  for  these  syntheses  were  obtained 
either  by  the  esterification  of  N-aryl(alkyl)-anthranilic  acids  or  by  the  acylation  of  methyl  anthranilate.  Since 
the  esters  of  N-aryl(alkyl)-  and  N-acyl-anthranilic  acids  contain  a  labile  hydrogen  atom  (the  hydrogen  of  the  NH 
group),  it  was  necessary  to  establish  the  most  favorable  conditions  for  running  the  synthesis.  Experiments  revealed 
that  the  highest  yields  of  reaction  products  are  obtained  in  the  case  where  1.5  moles  of  dimagnesylamine  is  taken 
per  mole  of  ester.  The  experimental  results  are  given  in  Tables  1  and  2,  and  from  this  data  it  can  be  seen  that 
the  arylamides  of  N-aryl(alkyl)-  and  N-acyl-anthranilic  acids  (II)  are  obtained  in  yields  up  to  907o  and  higher, 
which  permits  recommending  the  reaction  studied  by  us  as  being  a  good  way  of  synthesizing  the  indicated  compounds. 
The  method  is  suitable  for  the  synthesis  of  both  primary  and  secondary  arylamides.  It  should  be  mentioned  that 
the  reaction  goes  with  greater  difficulty  with  (I)  than  with  methyl  anthranilate.  Thus,  in  the  case  of  methyl  anth¬ 
ranilate  the  reaction  is  ended  in  30  min,  whereas  to  complete  the  reaction  with  (I)  requires  at  least  1  hour. 

Steric  hindrance  Increases  greatly  in  going  from  (I)  to  N-disubstituted  methyl  anthranilate.  Thus,  in  general, 
the  methyl  ester  of  triphenylamine-2-carboxylic  acid  does  not  react  with  dimagnesylamines.  The  experiments 
were  tun  with  N,N-bis(bromomagnesium)aniline  in  ether,  benzene,  pyridine,  and  dioxane  media. 

Further, it  was  shown  that  the  reaction  between  magnesylamines  and  N-acylanthranil  may  be  used  success¬ 
fully  to  synthesize  arylamides  of  N-acylanthranilic  acids.  For  example,  the  dlphenylamide  of  N-acetylanthranilic 
acid  (IV)  is  formed  in  nearly  quantitative  yield  when  diphenylaminemagnesium  iodide  (V)  is  reacted  with  N- 
acetylanthranil  (VI). 
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EXPERIMENTAL*  • 

Methyl  ester  of  diphenyl.iinine-2-carboxylic  acid  (XI).  A  mixture  of  37  g  of  diphenylamine -2 -carboxylic 
acid,  220  ml  of  methanol  and  20  ml  of  coned,  sulfuric  acid  was  heated  under  reflux  for  5  hr  on  the  water  bath. 

The  excess  alcohol  was  distilled  off,  and  the  residue  was  poured  into  water,  neutralized  witli  sodium  carbonate, 
and  extracted  with  ether.  The  ether  extract  was  dried  over  calcium  chloride,  after  which  the  ether  was  distilled  on  the 
water  bath,  and  the  residue  was  vacuum-distilled,  b.p.  180-181*  at  10  mm.  The  obtained  product  was  recrystallized 
from  ligroine.  Prisms  with  m.p.  59*.  Yield  37.7  g  (95.87o).  Literature  data:  m.p.  Ill*  [71  Our  experiments  on 
the  preparation  and  various  ways  of  purifying  (XI)  do  not  support  the  data  of  [71 

Methyl  ester  of  N-butylanthranilic  acid  (III).  Starting  compounds:  20  g  of  N-butylanthianilic  acid,  60  ml 
of  methanol  and  25  ml  of  coned,  sulfuric  acid.  The  mixture  was  heated  for  12  hr  and  then  worked  up  as  described 
in  the  preceding  experiment:  yield  18  g  (84'7o). 

B.p.  1C4-165*  (17  mm),  dfj  1.0503. 

Pound  "k  N  6.60,  6.77.  C12H17O2N.  Calculated  k  N  6.76. 

Anilide  of  diphenylamino-2-carboxylic  acid  (X).  To  the  N,N-bis(iodomagnesium)aniline,  obtained  in  con¬ 
ventional  manner  from  23.4  g  of  ethyl  iodide,  3.6  g  of  magnesium  and  7  g  of  aniline  in  70  ml  of  ether,  was  added 
an  ether  solution  of  11.35  g  of  (XI).  The  mixture  was  heated  for  1  hr  and  then  decomposed  with  dilute  hydrochloric 
acid.  The  ether  layer  was  separated  and  the  ether  was  steam -distilled.  Yield  13  g.  The  constants  of  the  obtained 
compounds  are  given  in  Table  1. 

Anilide  of  N-acetylanthranilic  acid  (XII).  The  reaction  was  run  in  the  same  manner  as  described  in  the 
preceding  experiment.  Starting  compounds:  6.5  g  of  ethyl  bromide,  1.44  g  of  magnesium,  2.8  g  of  aniline  and  3.86  g 
of  methyl  N-acetylanthranilate  (XIII).  Yield  3.3  g. 

Diphenylamide  of  N-acetylanthranilic  acid  (IV).  To  the  (V),  obtained  from  6.24  g  of  ethyl  iodide,  0.96  g 
of  magnesium  and  6.76  g  of  diphenylamine  in  30"ml'^’bf  ether,  was  added  an  ether  solution  of  3.18  g  of  (VI),  after 
which  the  mixture  was  heated  for  20  min  and  tlien  decomposed  with  dilute  hydrochloric  acid.  The  obtained  preci¬ 
pitate  was  filtered  and  recrystallizcd  from  alcohol.  Prisms  with  m.p.  175-176*.  Yield  6.5  g  (about  1007i>). 

Pound  %:  C  76.31,  76.27;  H  5.72,  5.52;  N  8.59,  8.69.  CziHigOzNz.  Calculated  C  76.36;  H  5.45;  N  8.48. 


SUMMARY 

1.  A  study  was  made  of  the  reaction  between  the  methyl  esters  of  N-aryl(alkyl)-  and  N-acyl-authranilic 
acids  and  magnesylamines,  the  latter  obtained  from  both  primary  and  secondary  aromatic  and  alkaromatic  amines. 

2.  It  is  possible  to  recommend  the  indicated  reaction  as  a  way  of  synthesizing  the  arylamides  of  N-aryl(alkyl)- 
and  N-acyl-anthranilic  acids. 

3.  It  was  shown  that  the  reaction  bctv/ccn  magnesylamines  and  N-acylanihranil  may  be  used  to  synthesize 
the  arylamides  of  N-acylanihranilic  acids  in  good  yields. 

4.  It  was  established  that  the  steric  hindrance  in  going  from  the  N-mono-  to  the  N-disubstituted  esters  of 
anthranilic  acid  increases  so  greatly  that  it  becomes  practically  impossible  to  aramidate  such  esters. 

•  The  tests  were  performed  by  E.  M.  Koz'minykh. 

•  •  With  the  assistance  of  student  V.  V.  Dikopolovaya. 
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TABLE  1 


Found  (4>) 

Calculated  (^) 

Melting  point 

C 

H 

N 

Empirical 

formula 

C 

H 

N 

Yield 

(^) 

118-119*; 

Plate* 

78.93. 

79,09 

5.65. 

5.66 

9.93, 

9.81 

C„H„ON, 

79.15 

5.55 

9.72 

90.3 

119-120; 

Needles 

79.20, 

79.36 

6.09, 

6.03 

9.20, 

9.45 

C»HuON, 

79.47 

5.96 

9.27 

96 

125  t*J: 

Needles 

— 

— 

— 

C„H„ON, 

— 

- 

- 

80 

M-86: 

Plates 

7*.79. 

74.99 

6.70, 

6.74 

11.71, 

11.80 

C,iH„ON, 

75.00 

6.66 

11.66 

59 

125-127; 

Needles 

75.17. 

75.13 

6.90. 

6.88 

11.62, 

11.70 

Ci»Hi,ONi 

75.00 

6.66 

11.6C 

72.2 

122-123: 

Needles 

75.58. 

75.69 

7.03, 

7.11 

11.01, 

1U.92 

C„H„ON, 

75.59 

7.08 

11.02 

81 

98-99; 

Needles 

76.25. 

75.90 

7.76. 

7.47 

10.62, 

10.61 

C„H»ON, 

76.11 

7.46 

10.44 

46- 

96-97: 

Needles 

77.15. 

76.83 

8.20, 

8.10 

9.50, 

9.35 

77.03 

8.11 

9.46 

57 

165; 

Plates 

— 

— 

11.06, 

10.97 

CuHi«OtNi 

— 

- 

1142 

62.5, 

162; 

Needle* 

— 

— 

10.88, 

11.17 

CuHuOjNj 

- 

- 

11.02 

48 

155-156; 

Needles 

— 

— 

10.50, 

10.40 

C»H|40jNi 

- 

- 

1047 

57 

167-168  t*J: 
Needles 

— 

— 

CuHuO|Ns 

- 

- 

- 

64.T 

167— 168;Plates  from 
acetone  aodCCl^ 

— 

— 

10.45, 

10.62 

— 

— 

10.44 

82 

185-1R6: 

Rhombic  crystals 

— 

20.25, 

10.65 

C„H..O,N. 

— 

lO.U 

71 

278  [*1: 

plates  from  toluene 

CjbHuOjNj 

— 

— 

— 

85.4 

219-220; 

plates  from  toluene 

— 

— 

8.50, 

8.35 

CuHuO.N, 

— 

— 

8.48 

91 

205-206: 

plates  from  toluene 

8.52, 

8.62 

C„H„O.N, 

8.48 

77 

TABLE  2 


Melting  point 

Found  ('?>) 

Empirical 

Calculated 

Yield 

C 

H 

N 

formula 

c 

H 

N 

{<%) 

68-69=*: 

plates  from  llgroln 

75.0& 

6.70, 

6.84 

11.69, 

11.84 

C„H,.ON, 

75.00 

6.66 

11.66 

90.3 

12^130; 

plates  from  alcohol 

79.37. 

79.28 

6.03, 

6.01 

9.24, 

9.28 

CvfHnON  j 

79.47 

5.96 

9.27 

83.3 
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Value  of  R 


Value  of  R  and  R'  in 


IlN(MgX), 

^^^cooch, 

] 

(I) 

^,^/CONnR 

1  1 

^^^NHIt'  (II) 

Kanie  of  compound 

C.H, 

CtH.  (XI) 

RandR'=C.n,  (X) 

Anilldi  of  d!phcnylamlne-2*car“ 

boxylic  acid 

0-CH 

C.H, 

R-o-CH,C,H,;  R'-C,II, 

o-Toluldlde  of  dlpbcnylannlne-2- 

carboxylic  acid 

C.H. 

U=C,H,:  R'=CH, 

Aisilide  of  N-methyl-2-amlnoben- 

zoic  acid 

C4H.cn, 

R=C,H.CH,:  R'^CH, 

Benzylamlde  of  N-methyl-2-aml- 

CII, 

nobe.'izo'c  acid 

p  -CH,C,H« 

R=p-Cn,C.H,:  R'=CH, 

p-Toluldlde  of  N-incthyl-2-ainlno 

benzoic  acid 

C.H.-Cn-CH, 

R=C,H,-CII-CH,;  R'=CH,  (VIT) 

o-Phenylethylarnide  of  N-methyl- 

1 

1 

2-acnlnoN-.nzolc  acid 

C.H,-CH-CH, 

C.H. 

R=C,H,-CH-CHi:  R'=C,H,  (VIII) 

o-Phenylethylamlde  of  N-ethyl-2- 

1 

1 

aminobcDzoic  acid 

C4H,-CH-CH, 

n-C.H,  (III) 

R=CsH,-CU-CH,:  R'=  n-CJl9(IX) 

a-Phenylcthylatnlde  of  N-n-butyl- 

1 

1 

2*amlnoben7.ofc  acid  ' 

o-CH,C«H4 

R=o-CH,C,H,;  R'=HCO 

o-Toluldldc  of  N-forniyl-2-amlao- 

benzoic  acid 

p-€Il,C,H« 

HCO 

U=p-CH,C«H.;  R'=HCO 

p-Toluidide  of  N-forinyl-2-ainlDO- 

benzoic  acid 

p-CH,OC,H, 

U=p-CH,OCcH,;  R'=HCO 

p-Anlsld*de  of  ■N-foniiyl-2-a(nlno- 

benzoic  acid 

C.H, 

CHjCO  (XIII) 

R=C»ni;  R'=CH,CO  (XII) 

Anilide  of  N-acetyl-2-amlnoben- 

zoic  acid 

o-CHjC,H» 

R=o-CH,C,H,:  R'==CH,CO 

o-Toluldlde  of  N-acetyl-2-amlno- 

}  CHjCO 

benzoic  acid 

p-CHoC,H, 

) 

R==p-CHjC,H,;  R'=CK,CO 

p-Toluldidc  of  N-acctyl-2-ainlnO' 

benzoic  acid 

C.H, 

' 

R=C,H,;  R'=C,H.CO 

Anilide  of  N-benzoyl-2- amino- 

benzoic  acid 

p-CH,C,H, 

c.HsCO 

R-^p-ClIjCtH,;  R'=C,H.CO 

p-Toluldlde  of  N-benzoyl-2- 

aminobcnzolc  acid 

o-CH,C,H, 

R=o-CH,C,H,:  R'=C.H.CO 

o-Toluldlds  of  N-be.izoyl-2- 

aminobenzolc  acid 

. 

Value  of  R  and  R' 

in  RR  NMgX 

Value  of  R  in 

1  1 

^'^'^NHR  (I) 

Value  of  R  and  R'  in 
-^^/CONRR' 

r  1 

'^^^NIIU"  (II) 

Name  of  compound 

R-CH,;  R'-C,n, 

CHj 

P.=CH,;  k'^-CiH.;  R"-^CH, 

Mcthylphciiylamlde  of  N-methyl-2- 
amonobenzoic  acid 

U=CH,:  R'»C,H, 

C.Hi 

R-=CII,:  R'=C,H.;  R"=C,H, 

Methylphenylamidc  of  dlpbenyl- 
amine-2-catboxyllc  acid 

2441 


5.  A  number  of  previously  unknown  arylamides  of  N-aryl(alkyl)-  and  N-acylsubstltuted  anthranillc  acids, 
and  also  the  methyl  ester  of  N-butylanthianilic  acid,  were  synthesized  and  a  study  made  of  their  properties. 
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CYCLIC  ACETALS  OF  H  Y  D  ROX  Y  C  A  RB  O  N  Y  L  COMPOUNDS 


XI.  REACTION  OF  METnYLI.ACTOLIDES  OF  a-OXO  ALCOHOLS  OF 
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Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  8, 

pp.  2457-2462,  August,  1960 

Original  article  submitted  July  22,  1959 

Methyllactolides  of  a-oxo  alcohols,  being  a-methoxy  oxides  (l),  ate  capable  of  undergoing  various  reac¬ 
tions  where  the  a-oxide  ring  is  opened.  In  all  of  the  reactions  studied  up  to  now  the  oxide  ring  opens  on  the  side 
of  the  nicthoxyl  group,  and  derivatives  of  a-oxo  alcohols  are  forme'd;  in  some  cases,  operating  through  the  methyl- 
lactolidcs,  such  derivatives  have  been  synthesized  as  cannot  be  obtained  either  from  the  a-oxo  alcohols  directly 
or  from  the  corresponding  a-bromoketones;  for  example,  certain  mixed  ketals  [2]  and, esters  [3J.  However,  this 
fails  to  exhaust  by  far  the  possibilities  of  utilizing  methyllactolides  for  synthetic  purposes.  It  is  known  that  a-oxide$ 
can  be  condensed  with  aldehydes  and  ketones  in  the  presence  of  SnCl4  to  yield  1,3-dloxolanes  [4].  Compounds 
containing  1 ,3-dioxolane  rings  — five-membered  cyclic  full  ketals-are  widely  used  in  organic  chemistry  [1].  1,3- 
Dioxolane  rings  have  found  their  greatest  importance  in  the  chemistry  of  sugars,  where  investigations  were  carried 
out  with  the  acetone  and  benzylidcnc  derivatives;  however,  the  latter  have  been  studied  inadequately.  Some  fairly 
well  studied  compounds,  containing  1 ,3-dioxolanc  rings  and  having  a  methoxyl  group  in  the  2  position,  arc  also 
known;  these  compounds  are  the  orthocsters  of  carbohydrates  [5J. 

As  shown  by  us  in  the  present  paper,  compounds  containing  the  1,3-dioxolane  ring  with  a  methoxy  group 
in  the  4  position  (ll)  may  be  obtained  by  reacting  methyllactolides  with  aromatic  aldehydes  in  the  presence  of 
SnCl^. 


Ar  Ar 

cm,,-Lo 

I'/  ^11  CH3--C— 


CII3  CII3 

U) 


I 

CH3 

(11) 


These  compounds  are  the  previously  unknown  metliyl  ethers  of  the  benzylidene  derivatives  of  a-oxo  alcohol 
hydrates;  to  some  degree  they  are  analogous  to  the  benzylidene  derivatives  of  monosaccharides.  However,  it  was 
shown  by  us  that  this  condensation  can  be  carried  out  successfully  only  with  the  methyllactolides  of  tertiary  a-oxo 
alcohols.  It  was  also  established  that  the  latter  can  be  condensed  with  aldehydes  independently  of  whether  the  sub¬ 
stituent  in  the  benzene  nucleus  decreases  the  positive  charge  arising  cn  the  carbon  atom  in  tlic  opening  of  the 
oxide  ring  (for  example,  methoxyl)  or  increases  it  (for  example,  chlorine).  The  electron-chemical  character  of 
the  substituent  found  in  the  p-j  osition  of  the  benzene  nucleus  of  the  aromatic  aldehyde  is  also  unimportant  (H, 
NO2.  CH3O).  The  methyllactolides  of  tertiary  alkaromatic  a-oxo  alcohols  also  condense  with  benzophenone  to 
yield  the  corresponding  1,3-dioxolanes. 
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In  all  cases  a  colorless,  CClj-insoluble  complex  Is  formed  when  the  aldehyde  is  added  to  SnCl4:  the  color 
of  the  solution  deepens  when  the  methyllactolide  is  added,  and  a  new  complex  soluble  in  CCI4  is  formed;  decom¬ 
position  of  the  latter  with  alkali  yields  the  dioxolane.  The  same  picture  is  observed  when  working  with  the  methyl- 
lactolides  of  primary  and  secondary  a-oxo  alcohols;  however,  here  after  treating  the  reaction  mixture  with  alkali 
and  water  we  were  able  to  show  the  formation  of  only  the  corresponding  0x0  alcohol,  the  dimerization  product  of 
the  methoxy  oxide  (containing  the  1,4-dioxane  ting),  and  a  small  amount  of  the  methoxyketone— the  isomeriza¬ 
tion  product  of  the  starting  methyllactolide. 

Somewhat  earlier  [6J  we  had  studied  the  transformations  of  the  methyllactolide  of  n-propylbenzoylcarbinol 
in  acetone  solution  containing  of  water,  in  the  presence  of  SnCl4,  had  shown  that  partial  hydrolysis  and 
partial  dimerization  of  the  methoxy  oxide  to  the  corresponding  substituted  dimethoxydioxane  take  place  under 
these  conditions.  A  condensation  product  was  not  found. 

In  the  present  paper  we  were  also  unable  to  condense  the  methyllactolides  of  secondary  a-oxo  alcohols 
(ethylbenzoylcarbinol  and  n-propylbenzoylcarbinol)  and  of  primary  a-oxo  alcohols  (propionylcarbinol)  with  either 
benzaldchyde  or  benzophenone. 

The  condensation  was  carried  out  by  the  procedure  recommended  for  the  condensation  of  a-oxides  with  car¬ 
bonyl-containing  compounds  [4J.  The  structure  of  the  obtained  dioxolanes  was  proved  by  the  elemental  analysis 
results,  tlie  character  of  the  absorption  in  the  ultraviolet  region  of  the  spectrum,  and  also  by  their  hydrolysis  in  acid 
medium  to  the  starting  carbonyl -containing  compound  and  the  a-oxo  alcohol  corresponding  tothe  methyllactolide; 
treatment  with  a  hot  aqueous -alcohol  sulfuric  acid  solution  of  2,4-dinitrophenylhydrazine  results  in  Instantaneous 
hydrolysis  of  the  dioxolane  and  the  2.4-dinitrophenylhydrazone  of  the  aldehyde  or  ketone  deposits,  while  treating 
the  filtrate  with  a  fresh  portion  of  the  hydrazine  solution  yields  the  2,4-dinitrophenylhydrazone  of  the  0x0  alcohol, 
which  after  purification  was  identified  with  the  authentic  product  by  mixed  melting  point. 

If  the  reaction  should  go  in  the  direction  of  forming  any  linear  products,  then  the  latter  should  possess  the 
hydroxyl  group  and  should  give  the  methoxyketone  on  hydrolysis.  However,  the  test  for  hydroxyl  was  negative  in 
all  cases. 

EXPERIMENTAL 

The  experiments  on  the  condensation  of  the  methyllactolides  of  a-oxo  alcohols  (a-methoxy  oxides)  with 
aromatic  aldehydes  and  benzophenone  were  carried  out  in  the  following  manner.  A  solution  of  the  carbonyl-con¬ 
taining  compound  in  CCI4  was  added  in  drops  to  a  lOTjo  solution  of  anhydrous  SnCl4  benzophenone  forms 

a  soluble  complex  with  SnCl^,  while  in  the  other  cases  the  colorless  complex  is  obtained  immediately  as  a  preci¬ 
pitate,  to  which  a  solution  of  the  methoxy  oxide  in  CCI4  is  then  added  slowly,  in  drops,  with  vigorous  stirring.  The 
reaction  mixture  begins  to  turn  yellow  immediately,  in  some  cases  subsequently  changing  gradually  to  either  a 
dark  red  or  purple;  at  the  same  time  a  colored  tarry  product  deposits  on  the  bottom  and  on  the  walls  of  the  flask. 
The  solution  is  decanted  from  the  precipitate,  followed  by  washing  2-3  times  with  207o  NaOH  solution  until  the 
Meissner  test  for  sodium  stannate  is  negative;  here  the  solution  decolorizes  due  to  decomposition  of  the  complex, 
the  final  product  of  the  reaction  with  SnCl4.  Then  the  CCI4  solution  is  washed  with  water,  dried  over  fused  MgS04, 
and  the  solvent  is  removed  by  suction.  The  residue  is  obtained  either  as  an  oil  that  gradually  crystallizes,  or 
directly  as  crystals.  The  tarry  deposit  represented  a  mixture  of  polymerization  products  and  the  complex  of  the 
starting  carbonyl -containing  compound  with  SnCl^;  not  once  were  we  able  to  isolate  the  dioxolane  from  this  tar. 
The  starting  products  used  in  the  condensation  should  be  pure  and  completely  dry. 

1.  Reaction  of  methyllactolide  of  ethylbenzoylcarbinol  with  benzaldehyde.  The  color  of  the  reaction  mix¬ 
ture  after  adding  all  of  the  methoxy  oxide  solution  became  carmine  red;  pronounced  tarring  is  observed.  Fine 
white  crystals  insoluble  in  CCI4  collected  in  the  reaction  flask;  these  were  separated  and  recrystallized  from 
methyl  alcohol.  The  crystals  represent  the  methoxy  oxide  dimer;  m.p.  238-239*.  The  mobile  oil  remaining 
after  removal  of  the  solvent  was  fractionally  distilled  In  vacuo.  The  following  fractions  were  obtained:  1st)  b.p. 
54-55*  at  5  mm— benzaldehyde;  2nd)  b.p.  75-96*  at  5  mm— mixture  of  isomerization  product  of  methoxy  oxide 
(methoxyketone)  and  0x0  alcohol;  3rd)  b.p.  97-98*  at  5  mm— pure  0x0  alcohol— ethylbenzoylcarbinol,  which  was 
identified  as  the  osazone  (m.p.  223-224*,  from  ethanol).  The  quickly  crystallizing  oil  that  remained  in  the  distil¬ 
lation  flask  proved  to  be  benzoic  acid,  which  was  identified  both  by  melting  point  and  by  mixed  melting  point 
with  authentic  product. 
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The  described  reaction  is  typical  for  the  methyllactolio’es  of  primary  and  secondary  a-oxo  alcohols.  Numer¬ 
ous  attempts  were  made  to  change  the  reaction  conditions,  not  changing,  however,  the  method  worked  out  for  the 
successful  experiments;  Changes  were  made  in  the  amount  of  catalyst,  volume  of  solvent,  temperature  (from  -10* 
to  +60*),  and  in  the  manner  of  removing  the  solvent  (rapid  distillation  employing  heat  or  employing  suction  with¬ 
out  heat).  However,  increasing  the  amount  of  catalyst,  a  long  heating  time,  and  a  rapid  removal  of  the  solvent 
by  distillation  all  favored  only  an  increase  in  the  yield  of  tarry  products  and  made  it  difficult  to  determine  the 
end  results  of  the  reaction. 

The  residue  (oil)  after  removal  of  the  solvent  was  allowed  to  stand  in  order  to  crystallize;  however,  after 
some  time  we  found  it  necessary  to  separate  the  liquid  reaction  products  by  fractional  distillation  in  vacuo,  since 
the  oil  did  not  crystallize  for  a  long  time  (in  the  case  of  p-nitrobcnzaldchyde,  for  example,  the  oil  did  not  crystal¬ 
lize  even  after  27  months). 

As  a  result,  we  v/ere  unable  to  obtain  mcthoxydioxolanes  by  the  condensation  of  the  methyllactolides  of 
primary  and  secondary  a-oxo  alcohols  with  aromatic  aldehydes  and  benzophenone. 

2.  Condensation  of  methyllactolidc  of  dirnethylbenzoylcarbinol  w’ith  carbonyl -containing  compounds.  The 
methyllactolide  was  obtained  by  the  method  described  in  [3], 

a)  Condensation  with  benzaldehyde;  5 ,5-dimethyl -2,4-diphenyl  -4-methoxy-l,3-dioxolane.  A  solution  of 
2.1  g  of  benzaldehyde  in  10  ml  of  CCI4  was  added  to  a  solution  of  0.3  g  of  anhydrous  SnCl^  in  5  ml  of  CCI4,  fol¬ 
lowed  by  the  addition  of  4.5  g  of  the  methyllactolide  in  20  ml  of  CCI4.  The  reaction  mixture  assumed  a  yellow 
color.  Crystals  were  obtained  after  the  CCI4  was  vacuum-distilled  which,  after  two  recrystallizations  from  aqueous 
alcohol, had  m.p.  98-90*  ( a-form).  If  the  CCI4  is  distilled  off  without  using  heat,  then  crystals  are  obtained  which, 
after  recrystallization  from  aqueous  alcohol,  melt  at  84-86*  (8 -form).  Yield  40-50'/'o.  Both  types  of  crystals  are 
handsome  colorless  needles,  absolutely  analogous  in  their  properties  clear  down  to  the  identity  of  their  ultraviolet 
absorption  curves.  In  order  to  obtain  analytically  pure  compounds,  the  crystals  must  be  kept  in  a  vacuum-desicca¬ 
tor  over  CaCl2  for  5-7  days. 

a-Form,  Found  C  75.9,  76.2;  H  7.24,^  7.15;  CH3O  10.61,  11.01.  M  279.  8  -Form.  Found  C  76.2; 

11  7.31;  ClljO  10.74.  CisHzoOj.  Calculated  C  76.03;  H  7.09;  CH3O  10.91.  M  284.3. 

The  dioxolane  can  be  steam -distilled  from  alkaline  solution;  the  isolated  crystals  melted  at  98-99*. 

b)  Condensation  with  anisaldehyde;  5 ,5-dimethyl -4 -phenyl -2-p-methoxyphenyl-4-methoxy-l ,3-dioxolane. 
The  color  of  the  reaction  mixture  turned  to  a  carmine  red  when  the  methyllaetolide  solution  was  added.  The  oil, 
remainingafterremoval  ofthe  CCI4  by  suction  crystallized  immediately.  Exactly  as  was  done  with  all  of  the 
subsequently  described  dioxolanes,  the  obtained  dioxolane  was  rccrystallizcd  several  times  (2-4  times)  from  aqueous 
alcohol.  The  yield  of  the  different  dioxolanes  ranged  from  40  to  50'7o.  The  present  dioxolane  was  obtained  as 

well  shaped,  handsome,  colorless  needles  with  m.p.  74-75*. 

Found  ‘Tj:  C  72.36.  72.40;'  H  7.09,  7.11;  CH3O  20.02,  19.88.  C15H22O4.  Calculated  ‘7^  C  72.58;  H  7.05; 

CH3O  19.75. 

c)  Condensation  with  p-nitiobcnzaldehyde;  5.5-dimethyl--l -phenyl -2-p-nitrophenyl-4-methoxy-l ,3-dioxo¬ 
lane.  The  condensation  conditions  were  the  same  as  before.  The  reaction  mixture  and  solution  were  faintly  yellow 
The  residue  oil  crystallized  very  slowly,  and  the  isolated  crystals  melted  over  a  wide  range.  Rccrystallization  from 
pure  alcohol  gave  the  compound  as  colorless,  fine  cubic  crystals  with  m.p.  139-140*  ( a-form);  addition  of  water 

to  the  mother  liquor  gave  a  precipitate  which,  recrystallized  as  usual  from  aqueous  alcohol,  gave  needle  crystals 
with  m.p.  86-88*  (8 -form). 

g-Fonn;  Found  ‘7-:  C  65.58;  H  5.91;  N  4.36;  CH3O  9.22.  3  -Form;  Found  '■%  C  65.71;  H  6.12;  N  4.41;  CH3O 
9.28.  CigHigOgN.  Calculated  %  C  65.70;  H  5.82;  N  4.27;  CMaO  9.43. 

d)  Condensation  with  benzophenone;  5,5-dimcthyl-2,2,4-iriFhcnyl-4-methoxy-l ,3-dioxolane.  The  con¬ 
densation  conditions  were  the  same  as  before.  The  complex  of  SnCli  benzophenone  is  soluble  in  CCI4.  The 
addition  of  the  first  drops  of  the  mcthyllactoUde  caused  the  solution  to  become  turbid,  and  a  tarry  red  substance 
separated.  The  CCI4  solution  was  faintly  yellow.  The  reaction  went  with  slight  heat  evolution.  Tarring  was  very 
slight.  The  crystals  that  separated  from  the  oil  only  after  standing  for  a  week  had  m.p.  89-90*. 
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Found  '1<r.  C  79.81,  79.84;  H  6.94,  6.63;  CH3O  8.68,  8.72.  CJ4H34O3.  Calculated  V.  C  79.97;  H  6.71; 
CH3O  8.62. 


pounds.  The  preparation  of  the  methyllactolide  was  described  in  detail  in  [7]. 

a)  Condensation  with  benzaldehyde;  5,5-dlmethyl -2*phenyl-4-p“chlorophenyl-4-methoxy-l,3-dioxolane. 

A  solution  of  4  g  of  benzaldehyde  In  10  ml  of  CCI4  was  added  to  a  solution  of  0.5  ml  of  SnCl4  i*’  5  ml  of  CCI4, 
followed  by  the  addition  of  a  solution  of  8  g  of  the  methoxy  oxide  in  10  ml  of  CCI4.  The  color  of  the  reaction 
mixture  was  orange.  The  oil  remaining  after  removal  of  the  CCJ^  crystallized  the  following  day.  Colorless 
needles  (from  aqueous  alcohol),  m.p.  85-87*. 

Found  C  67.55,  67.83;  H  6.26,  6.05;  Cl  11.25,  11.08;  CH3O  9.89, 10.01.  Ci,Hi903Cl.  Calculated  '7a; 

C  67.85;  H  6.01;  Cl  11.12;  CH3O  9.72. 

b)  Condensation  with  benzophenone;  5,5-dimethyl -2,2-diphenyl -4-p-chlorophenyl-4-methoxy-l,3-dioxo- 
lane.  The  condensation  conditions  were  the  same  as  before,  and  the  reactants  were  taken  in  equimolar  amounts. 
The  oil  remaining  after  removal  of  the  solvent  did  not  crystallize  after  standing  for  a  long  time,  but  treatment 
with  cold  alcohol  led  to  the  deposition  of  fine  white  crystals  of  the  dioxolane  from  the  solution,  which  were  then 
recrystallized  in  the  usual  way  from  aqueous  alcohol,  m.p.  80-82*. 

Found  1<r.  C  72.97,  72.80;  H  5.91,  5.96;  Cl  8.81,  8.76;  CH3O  7.91,  7.74.  C14H23O3CI.  Calculated  %  C  72.99; 
H  5.87;  Cl  8.97;  CH3O  7.85. 

3.  Condensation  of  methyllactolide  of  dimethyl-p-anisoylcarbinol  with  carbonyl-containing  compounds. 


1,3-dioxolane.*  For  the  condensation  we  took  2.3  g  of  m-nitrobenzaldehyde  and  4.05  g  of  the  methyllactolide. 
The  reaction  mixture  had  a  yellow  color.  After  the  customary  treatment  and  removal  of  the  CCI4  in  vacuo  we 
obtained  an  oil,  which  crystallized  only  after  standing  for  a  month.  After  recrystallization  from  alcohol  the  iso¬ 
lated  crystals  had  m.p.  109.5-110.51*. 

Found  %  C  63.21,  63.29;  H  6.19,  6.08.  CijHjiOeN.  Calculated  C  63.49;  H  5.89. 

SUMMARY 

1.  A  method  was  developed  for  the  condensation  of  ct-methoxy  oxides  with  aromatic  aldehydes  and  benzo¬ 
phenone.  As  the  result  of  the  condensation  we  synthesized  some  new  substituted  1,3-dioxolanes,  containing  a  me¬ 
thoxy  group  in  the  4  position. 

2.  It  was  shown  that  only  the  methyllactolides  of  tertiary  a-oxo  alcohols  enter  into  the  condensation.  In 
the  case  of  the  methyllactolides  of  primary  and  secondary  a-oxo  alcohols  the  principal  end  reaction  product  is 

the  corresponding  a-oxo  alcohol,  which  is  formed  in  the  decomposition  of  the  intermediate  complex  of  a-methoxy 
oxide  with  catalyst. 
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In  our  laboratory  we  recently  synthesized  a  number  of  phosphoamino  acid  derivatives  of  muscle  adenylic 
acid  and  investigated  some  of  the  properties  of  the  obtained  compounds  [IX  The  present  paper  is  devoted  to  the 
synthesis  of  some  phosphoamino  acid  derivatives  in  the  adenosine-2'-phosphoric  acid  series. 

It  should  be  mentioned  that  the  synthesis  of  nucleoside-2*-phosphoamides  has  not  been  described  up  to  now. 
The  main  reason  for  this  is  the  difficulty  of  forming  the  phosphoamido  linkage  in  the  nucleoside -2’ -phosphate,  as 
It  has  a  free  cis-hydroxyl  group  anached  to  the  adjacent  carbon  atom  (Cs*).  This  circumstance  does  not  permit 
using,  for  example,  the  carbodiimide  method,  used  successfully  in  the  case  of  nucleoside-5'-phosphoamides  [2J, 
for  the  construction  of  the  phosphoamido  linkage,  since  treatment  of  the  nucleoside -2’ -phosphate  (or  nucleoside- 
3*-phosphate)  with  dicyclohexylcarbodiimide  leads  to  the  formation  of  the  corresponding  nucleoside-2',3'-cyclo- 
phosphate  [31 

In  thb  paper  we  accomplished  the  synthesis  of  a  denosine -2* -phosphoam  ides  (II)  by  reacting  3’,5’-diacetyla- 
denosine -2* -benzyl  phosphite  (1)  [4]  with  the  ester  of  the  amino  acid  or  peptide  in  the  presence  of  carbon  tetra¬ 
chloride  [5],  according  to  the  scheme: 


i5> 


0  OCOCH 

.  I 

CACH,0-P-  cv 

II 

0 


CHjO-COCHj  N  N  CHjOCOCH, 

0  OCOCH, 


CjHjCH,0-P-NHR 

0 


a)  R  =  CH.COOC.H,;  b)  R  =  CHfClKCHOilOOOCH,.  c)  R  =  CH(CH.C,H,)COOCH,. 
d)  R  =  CH(CH,C,Hj)CoNiICH,COOCH,. 

The  synthesized  compounds  are  colorless,  amorphous,  hydroscopic  substances  with  low  melting  points.  The 
structure  of  the  obtained  compounds  follows  from  their  mode  of  synthesis  and  is  confirmed  by  the  Infrared  and  ul¬ 
traviolet  absorption  spectra,  and  also  by  the  results  of  acid  and  alkaline  hydrolysis.  The  infrared  absorption  spectra 
indicate  that  the  characteristic  frequencies  of  the  P=0  and  P-N  linkages  are  present  in  the  obtained  compounds. 
The  ultraviolet  absorption  spectra  show  that  in  the  200-300  mp  range  the  compounds  exhibit  one  sharply 
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defined  absorption  inaxiinum  at  260  ni/j,  charactcrLstic  for  the  adenine  group.  Hydrolysis  of  tlie  obtained  com¬ 
pounds  leads  to  tlie  formation  of  the  nucleotide  (or  the  products  of  its  further  decomposition),  on  the  one  hand, 
and  the  amino  acid  (or  peptide),  on  the  other. 

It  should  be  mentioned  that  the  obtained  compounds  are  hydrolyzed  with  exceeding  ease  in  alkaline  medium, 
whereas  their  acid  hydrolysis  proceeds  at  a  much  slower  rate.  Thus,  for  example,  the  methyl  ester  of  N-(3',5’- 
diacctyladcnosinc-2’-bcnzylp!iospho)“phenylalaninc  (lie)  is  practically  completely  hydrolyzed  Li  1  min  by  IN 
NaOIl  solution  at  37*.  A  similar  behavior  is  observed  in  the  case  of  peptide  derivative  (Ild)  when  it  is  hydrolyzed 
v/ith  either  IN  or  O.IN  NaOH  solution.  Treatment  of  the  same  compounds  (lie)  and  (lid)  with  IN  sulfuric  acid  so¬ 
lution  fails  to  lead  to  their  complete  hydrolysis  even  1.5  hr  after  the  start  of  experiment. 

In  connection  with  such  a  sliarp  difference  in  the  alkaline  and  acid  hydrolysis  rates  of  the  obtained  compounds 
it  is  important  to  mention  the  fact  that  O-acetyl  groups  are  stable  m  acid,  but  are  easily  cleaved  in  alkaline  mediui 
[•1,  6J. 

A  comparison  of  these  facts  makes  it  possible  to  postulate  that  the  high  alkaline  hydrolysis  rate  may  be  due 
to  a  rapid  cleavage  of  the  acetyl  groups  in  alkaline  medium  and  the  formation  of  compounds  svith  a  free  3'-cIs- 
hydroxyl  group,  which,  in  turn,  creates  the  possibility  of  further  hydrolysis  of  both  the  phosphoamido  and  the  phospho 
ester  linkage  through  the  intermediate  stage  of  forming  the  adcnosine-2’,3’-cyclophosphatc  structure. 

The  fact  that  the  alkaline  hydrolysis  of  adenosinc-5’-phosphoamino  acids  (for  which  the  formation  of  inter¬ 
mediate  cyclophosphate  structures  is  excluded)  proceeds  under  comparable  conditions  at  a  much  slower  rate  [7]  is 
additional  evidence  in  support  of  this  postulation. 

EX  PERIMENTA  L 

Distributive  chromatography  on  paper.  The  paper  used  for  the  chromatographic  analysis  was  labeled  "Chro¬ 
matographic  B",  manufactured  by  the  Voiodar  plant  in  Leningrad.  The  following  systems  of  solvents  were  used: 
n-C4Hg0II-n20-CIl3C00H  (l :  l :  5)  (top  layer)  (System  1);  iso-C3ll70H"Nn40H  (d  0.88-l)-H2O  (7:1:2)  (System  2); 
iso-CsIliiOIl— 5'7o  NajHPO^  (both  phases)  (System  3).  The  compounds  were  detected  on  the  chromatograms  by 
ultraviolet  absorption  [8],  and  also  by  means  of  the  molybdate  [9J  and  benzidine  [10]  reagents.  The  compounds 
with  a  free  a-amino  group  were  developed  using  ninhydrin.  The  Rf  values  given  below  relate  to  ascending  chro¬ 
matograms.  In  the  cases  where  the  Rj  values  are  not  indicated,  the  compounds  v^ore  identified  on  the  cliromato- 
grams  by  direct  comparison  with  authentic  specimens. 

3’,5'-diacetyladcnosinc-2*-benzyl  pliosphite  ( I)  was  obtained  by  the  pliosphorylation  of  3',5’-diacetyladeno 
sine*  with  Uic  mixed  anhydride  prepared  from  diphenyl  phosphoric  and  monobcnzylphosphorous  acids  [4].  Rj  0.76 
(System  1). 

Ethyl  ester  of  N-(3’,5’-diacctyladcnosine-2'-benzylphospho)-glycIne  (Ila).  A  solution  of  0.05  g  (OkOOOS 
mole)  of  etliyl  glycinate  in  1  ml  of  dry  CCl.i  was  added  to  a  solution  of  0.07  g  (5.00014  mole)  of  3’,5’-diacetyladc- 
nosine-2'-bcnzyl  phosphite  (I)  in  1  ml  of  dry  acetonitrile  and  5  ml  of  dry  CCI4.  The  mixture  was  allowed  to  stand 
for  12  hr  at  20*.  after  which  it  was  evaporated  in  vacuo,  the  residite  dissolved  in  35  ml  of  chloroform,  and  the  solu¬ 
tion  washed  in  succession  with  5  ml  of  water,  5  ml  of  0.05N  hydrochloric  acid,  5  ml  of  saturated  aqueous  so«.iium 
bicarbonate  solution,  and  again  with  5  ml  of  water;  then  the  solution  was  dried  over  anhydrous  sodium  sulfate, 
evaporated  in  vacuo  to  a  small  volume,  and  treated  with  an  excess  of  dry  petroleum  ether  (b.p.  70-90*).  The  ob¬ 
tained  colorless  amorphous  precipitate  was  separated,  purified  further  by  a  double  rcprcclpiiation  from  chloroform 
with  petroleum  ether,  and  dried  in  a  vacuum- desiccator  over  PjOj  and  paraffin.  Yield  0.04  g(49^o).  M.p.  35*. 

Rf  0.84  (System  1). 

Ultraviolet  absorption:  X^ax  ^max  ^3.^00  (96'7>>  ethanol). 

Infrared  absorption:  1234  cm"^  (S.lO/j)  (frequency  of  P  =  O  linkage  [11 J);  3340-3370  cm"*  (2.99-2.96/i ) 
(frequency  of  the  N-H  linkage  [11  J);  867  cm"*  (11.53)j)  (frequency  of  the  P-N  linkage  [12]). 

•  3’,5'-Diacetyladcnosinc  was  isolated  by  counterflow  extraction  from  the  mixture  of  substances  form  in  the  acetyla¬ 
tion  of  5'-acetyladenosuie  [4].  We  wish  to  thank  M.  G.  Brazhnikova  and  R.  N.  Trofilecva  for  the  help  given  us 
in  carrying  out  the  connterflow  distribution.  We  also  wish  to  thank  V.  M.  Daikin  and  A.  S.  Khoklilcva  for  their 
help  in  setting  up  the  experimental  counterflow  distribution  apparatus. 
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Found  N  13.81;  P  4.54.  CisHaOioNgP.  Calculated  N  13.85;  P  5.10. 

Acid  hydrolysis  of  (lla).  A  solution  of  5  mg  of  the  substance  in  0.2  ml  of  ethanol  was  treated  with  0.4  ml 


of  O.IN  sulfuric  acid  and  the  mixture  wasallowed  to  stand  at  37*.  Samples  were  removed  periodically,  and 
were  analyzed  chromatographically  in  System  1.  All  of  the  samples,  beginning  with  the  5-minute  one  and  end¬ 
ing  with  the  4-hour  sample,  were  found  to  contain,  besides  the  starting  compound  (Rf  0.84),  ethyl  glycinate,  gly¬ 
cine,  and  yeast  adenylic  acid. 

The  methyl  ester  of  N-(3*,5*-diacetyladenosine-2'-benzylpho5pho)-valine  (Ilb)  was  obtained  in  the  same 
manner  as  the  preceding  from  0.07  g  (0.00014  mole)  of  (1)  and  0.05  g  (0.0004  mole)  of  methyl  valinate  in  the 
presence  of  dry  CCI4.  Yield  0.03  g  (387o).  M.p.  77*.  Rf  0.88  (System  1). 

Ultraviolet  absorption:  Xmax  ^max  (96*70  ethanol). 

Infrared  absorption:  1230  cm“^  (8.13  p);  3350-3376  cm"*  (2.98-2.96  p):  865  cm"*  (11.56  p). 

Found  %:  N  13.44;  P  4.49.  C27H35O10N6P.  Calculated  ^o:  N  13.24;  P  4.88. 

Alkaline  hydrolysis  of  (lib).  A  solution  of  5  mg  of  the  substance  in  a  mixture  of  0.2  ml  of  ethanol  and  0.5 
ml  of  O.IN  NaOH  solution  was  allowed  tostand  at  37*.  Samples  were  removed  at  periodic  intervals,  and  were 
analyzed  chromatographically.  Here  a  rapid  disappearance  of  the  starting  compound  was  observedwiththe  appear¬ 
ance  of  valine,  yeast  adenylic  acid  and  also  adenosine  in  the  hydrolyzate. 

The  methyl  ester  of  N-(3’,5’-diacetyladenosine-2'-benzylphospho)-phenylalanine  (lie)  was  obtained  in  the 
same  manner  as  (Ua)  from  0.1  g  (0.0002  mole)  of  (l)  and  0.53  g  (0.003  mole)  of  the  methyl  ester  of  phenylalanine 
In  the  presence  of  dry  CCI4.  Yield  0.11  g  (85'7o).  M.p.  73*.  Rf  0.90  (System  1). 

Ultraviolet  absorption:  Xm^x  260  mp;  tm^x  (96%  ethanol). 

Infrared  absorption:  1220  cm"*  (8.20p);  3335  cm"*  (3.00  p);  867  cm"*  (11.53  p;. 

Found  %:  C  54.37;  H  5.49;  N  12.32;  P  5.08.  CjiHajOioNeP.  Calculated  %:  C  54.54;  H  5.17;  N  12.31;  P  4.53. 

Acid  hydrolysis  of  (lie).  A  solution  of  5  mg  of  the  substance  in  a  mixture  of  0.2  ml  of  ethanol  and  0.4  ml 
of  IN  sulfuric  acid  was  kept  at  37*  for  1.5  hours;  samples  were  removed  at  periodic  intervals  and  analyzed  chroma¬ 
tographically  in  Systems  1  and  2.  All  of  the  samples,  including  the  9u-minute  one,  contained  the  starting  substance 
(Rf  0.90  in  System  1);  the  hydrolyzate  samples  also  contained  yeast  adenylic  acid,  the  methyl  ester  of  phenylalanine, 
and  phenylalanine. 

Alkaline  hydrolysis  of  (lie).  A  solution  of  5  mg  of  the  substance  in  a  mixture  of  0.2  ml  of  ethanol  and  0.4 
ml  of  O.IN  NaOH  solution  was  allowed  to  stand  in  a  thermostat  at  37*.  Samples  were  removed  at  periodic  intervals, 
and  were  analyzed  chromatographically  in  Systems  1  and  2.  Beginning  with  the  1 -minute  sample,  the  starting 
substance  was  absent  in  all  of  the  samples.  The  hydrolyzate  samples  were  found  to  contain  phenylalanine,  yeast 
adenylic  acid  and  adenosine. 

The  methyl  ester  of  N-(3*,5*-diacetyladenosine-2*-benzylphospho)-phenylalanylglycine  (lid)  was  obtained 
in  the  same  manner  as  (Ha)  from  0.125  g  (0.00024  mole)  of  (I)  and  0.210  g  (0.0009  mole)  of  the  methyl  ester  of 
phe  nyl  a  la  nyl  glycine*  in  the  presence  of  dry  CCI4.  Yield  0.130  g  (71%).  M.p.  108*.  Rf  0.90  (System  1). 

Ultraviolet  absorption;  260  mp;  e^ax  12,180  (96%  ethanol). 

Infrared  absorption:  1220-1230  cm"*  (8.20-8.13  p);  864  cm"*  (11.57  p). 

The  substance  is  very  hydroscopic.  For  analysis  it  was  dried  for  7  days  over  P2O5  at  60*  (5  mm). 

Found  %:  C  52.55;  H  5.81;  N  12.78;  P  3.53.  C33H38OHN7P  •  HjO.  Calculated  %;  C  52.31;  H  5.32;  N  12.94; 
P4.08. 

Acid  hydrolysis  of  (lid).  A  solution  of  5  mg  of  the  substance  in  a  mixture  of  0.2  ml  of  ethanol  and  0.5  ml 
of  IN  sulfuric  acid  was  kept  for  2  hr  at  37*.  Samples  were  removed  at  periodic  intervals  and  analyzed  chromato¬ 
graphically  in  Systems  1,  2,  and  3.  All  of  the  samples,  including  the  120-minute  one,  were  found  to  contain  the 
starting  substance  (Ild).  The  hydrolyzate  samples  were  also  found  to  contain  phenylalanine,  yeast  adenylic  acid, 
and  traces  of  adenosine. 

•  The  methyl  ester  of  phcnylalanylglycine  was  obtained  by  the  catalytic  hydrogenation  of  its  carbobenzoxy  deri¬ 
vatives  (131 
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Alkaline  hydrolysis  of  (Hd).  a)  A  solution  of  5  ing  of  tlie  substance  in  0.2  ml  of  ethanol  and  0.5  ml  of  IN 
NaOH  solution  was  kept  in  a  thermostat  at  37*.  Samples  were  removed  at  periodic  intervals  and  analyzed  chro- 
matogcaphically  in  Systems  1, 2,  and  3.  Beginning  with  the  l-minuie  sample,  the  stalling  substance  (Ild)  was 
absent  in  all  of  the  samples.  The  hydrolyzate  samples  were  found  to  contain  phenylalanylglycine,  yeast  adenylic 
acid  and  adenosine. 

b)  Operating  in  tlie  same  manner  as  described  above,  5  rng  of  the  substance  v/as  hydrolyzed  using  O.IN  NaOH 
solution.  Beginning  with  the  1 -minute  sample,  here  the  starting  substance  (Ild)  was  also  absent  in  all  of  the  samples, 

SUMMARY 

1.  The  synthesis  of  amino  acid  derivatives  in  the  adenosine -2' -phosphoric  acid  scries  with  a  phosphoamide 
type  of  linkage  was  accomplished.  The  ethyl  ester  of  N-(3*,5’-diacctyl-adenosinc-2’-benzylpliospho)-glycine, 
the  mctliyl  ester  of  N-(3’,5’-diacetyladenosine-2'-benzylphospho)-valine,  the  methyl  ester  of  N-(3’,5'"diacetyl- 
adenosine-2’-benzylphospho)-phenylalaiune  and  the  methyl  ester  of  N-(3',5*-diacetyladcnosine-2'-benzylphospho)- 
phenylalanylglycine  were  obtained. 

2.  The  structure  of  the  obtained  compounds  follows  from  tlie  mode  of  synthesis  and  is  supported  by  the  In¬ 
frared  and  ultraviolet  absorption  spectra,  and  also  by  the  results  of  acid  and  alkaline  hydrolysis. 

3.  It  was  established  that  the  synthesized  compounds  are  hydrolyzed  slowly  by  acid,  but  are  cleaved  very 
rapidly  in  alkaline  medium.  A  theory  was  expressed  regarding  the  meclianlsm  of  the  alkaline  hydrolysis. 
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a-A cetyl -y-phenyltetronic  acid  was  obtained  for  the  first  time  by  the  interaction  of  a-bromophenylacetyl 
bromide  with  the  ethyl  ester  of  fl -aminocrotonic  acid  with  subsequent  hydrolysis  of  the  a-imonoacetyl-y -phenyl- 
tetronic  acid,  the  yield  of  the  final  product  not  being  indicated  [IJ.  Later,  a-acetyl-y -phenyl tetronic  acid  was 
obtained  with  54.5*70  yield  by  acetoacetylation  of  methyl  mandelate  by  means  of  diketene  with  subsequent  cycli- 
zation  of  the  methyl -0-acetoacetylandelate  which  was  obtained  as  an  intermediate  [2]. 

The  preparation  of  a-acetyl  derivatives  of  y -substituted  tetronic  acids  has  been  accomplished  by  Friedel- 
Crafts  acetylation  of  the  corresponding  tetronic  acids  and  by  a  Fries  rearrangement  of  O-acetyltetronic  acids  [31 
However,  the  a-acetyl-y -phenyltetronic  acid  which  was  obtained  with  20*7©  yield  in  the  Friedel -Crafts  reaction 
was  subjected  to  five  crystallizations  in  its  purification,  and  the  product  obtained  by  the  Fries  rearrangement  re¬ 
quired  paper  chromatography  ten  times. 

There  is  no  information  in  the  literature  on  other  a-acyl-y -phenyltetronic  acids. 

Continuing  the  studies  on  the  C-acylation  of  heterocyclic  keto-enols  [4J  by  means  of  aliphatic  acids,  we 
carried  out  the  synthesis  of  a-acetyl-  and  a-ptopionyl-y -phenyltetronic  acid  by  the  acylation  of  y-phenyltetronic 
acid  with  the  corresponding  acids  in  a  polyphosphoric  acid  medium.  We  obtained  the  a-acyl-y -phenyltetronic 
acids  with  50-60*7©  yields,  which  permits  consideration  of  this  method  of  their  synthesis  as  the  most  favorable  from 
the  preparative  point  of  view. 

For  identification,  we  also  prepared  a-acetyl-y  -phenyltetronic  acid  from  O-acetylmandelyl  chloride  and 
sodioacetoacetic  ester,  by  analogy  with  3-acetyl-4-hydroxycoumarin  [51 

EX  PERIMENTAL 

y  -Phenyltetronic  Acid  was  synthesized  by  the  Anschutz  method  by  saponification  (with  simultaneous  decar¬ 
boxylation)  of  a-carbethoxy-y -phenyltetronic  acid,  which  was  prepared  from  O-acetylmandelyl  chloride  and  sodio- 
malonic  ester.  M.p.  127-128*  (according  to  literature  data,  m.p.  127.5-128.5*  [6]). 

g-Acetyl-y -phenyltetronic  Acid.  A  mixture  of  2  g  of  y-phenyltetronic  acid,  10  ml  of  glacial  CH3COOH, 
and  60  g  of  polyphosphoric  acid  (prepared  from  100  g  of  P2O5  and  64  ml  of  857©  H3PO4  [7])  was  heated  in  a  water 
bath  for  3  hours  with  stirring.  The  resulting  solution  was  pouted  while  hot  onto  ice;  on  the  following  day  the  pre¬ 
cipitate  was  filtered  off,  washed  with  water,  and  dried  at  50-60*.  Yield  of  a-acetyl-y -phenyltetronic  acid  1.3  g 
(52.47©),  m.p.  98-101*.  After  recrystallization  from  petroleum  ether  —  colorless  plates  with  m.p.  102-103.5*  (accord¬ 
ing  to  literature  data,  m.p.  104*  [1]). 
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a-Propionyl-y-phcnyltcironic  Acid.  This  comjxjund  was  obtained  analogously,  starting  with  2  g  of  y -phenyl 
tetronic  acid,  12.5  ml  of  C2H5CCX)n,  and  60  g  of  polypliosphoric  acid;  yieid  1.53  g  (59.9*70).  After  ^ccry5lalli^atlon 
from  petroleuni  ether  —  slightly  yellowish  needles  with  m.p.  81-82.5*. 

Found  %:  C  67.85.  67.46;  li  5.11. 4.92.  C13M12O4.  Calculated  *7o:  C  67.23;  H  5.20. 

Preparation  of  ct  -Acetyl-y  -phenyltetroiiic  Acid  from  O-Acctylinande^’l  Chloride.  To  a  suspension  of 
sodioacetoacctic  ester  (0.1  g  of  freshly  distilled  acetoacetic  ester  and  1.61  g  of  Na)  in  75  ml  of  anhydrous  ben¬ 
zene,  a  solution  of  5  g  of  O-acetylmandtlyl  chloride  [6J  in  10  ml  of  anhydrous  benzene  v/as  added  dtopwise  with 
cooling.  The  reaction  mixture  was  refluxed  with  sitrring  for  10  hours,  and  the  orange -colored  precipitate  was 
filtered  off,  wa-hed  with  anhydrous  ether,  dried  in  air,  dissolved  in  15  ml  of  water,  and  filtered  off  from  the  water- 
insoluble  residue.  The  filtrate  was  extracted  with  ether,  the  aqueous  layer  was  acidified  with  concentrated  hydro¬ 
chloric  acid  (with  cooling),  and  the  white-colored  precipitate  was  filtered  off,  washed  with  water,  and  air-dried. 
Yield  of  cc-acctyl -y -phcnyltetronic  acid  0.7  g  (13.6'7o),  m.p.  102-103*.  A  mixed  sample  of  this  substance  with 
that  obtained  by  the  above -described  method  did  not  give  any  meiting-point  depression. 

SUMMARY 

A  new  method  has  been  developed  for  the  preparation  of  a-acetyl-  and  a-proplonyl-y -phenyltetroiiic  acid 
by  acylation  of  y -phcnyltetronic  acid  by  the  respective  carboxylic  acids  in  the  presence  of  polyphosphoric  acid. 

LITERATURE  CITED 

1.  J.  Lecccq,  Compt.  rend.  222,  183  (1946). 

2.  R.  N.  Lacey.  J.  Chem.  Soc.,832  (195-1). 

3.  L.  J.  Haynes  and  J.  W.  M.  Jamilson,  J.  Chem.  Soc.  ,4132  (1958). 

4.  N.  S.  Vul'fson  and  R.  B.  Zhurin,  Zhur,  Obshchei  Khim.  29,  3677  (1959).* 

5.  R.  Anschutz,  Lieb.  Ann.  367,  172  (1909). 

6.  R.  Anschutz  and  R.  Docker,  Lieb.  Ann.  368,  57  (1909). 

7.  S.  Singh  and  O.  P.  Vig.Science  and  Culture^,  403  (1957);  Chem.  Abs.  12867  (1957). 


•  Original  Russian  pagination.  See  C.  B.  Translation. 


2453 


N-CARBETHOX  YHYDROPYRIDAZINES  AND 
THEIR  DERIVATIVES 

R.  Ya.  Levina,  Yu.  S.  Shabarov, 
and  M.  G.  Kuz'min 

Moscow  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  8, 

pp.  2469-2473,  August,  1960 

Original  article  submitted  July  31, 1959 


The  alkaline  hydrolysis  of  adducts  of  azodicarboxylic  ester  with  dienes  leads  to  the  formation  of  tetrahydro- 
pyridazines  [1-5], 
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NCOOCjHs 

+  II 

NCOOGzHj 


I  N— COOC2H5 

1  N-COOC2H5 
\/ 
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Under  certain  conditions  (smaller  quantity  of  alkali)  partial  hydrolysis  of  the  adducts  can  be  accomplished, 
leading  to  the  formation  of  N-carbethoxy-A^-tetrahydropyridazines  [2,  5]. 

In  the  present  work,  by  partial  hydrolysis  of  the  adducts  of  azodicarboxylic  ester  with  piperylene,  l,l*-dicyclo- 
pentenyl,  and  l,l'-dicyclohexenyl,  the  corresponding  N-carbethoxy  compounds  (I-III)  were  obtained. 
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In  like  manner  —  by  partial  hydrolysis  of  the  hydrogenated  adducts  —  the  N-carbethoxyhexahydropyridazInes 
(IV,  V)  were  obtained. 
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(IV)  (V) 

Earlier,  iii  [2],  we  had  demonstrated  the  fact  that  the  carbethoxy  yronp  is  retained  on  the  nitrogen  atom 
nearest  to  the  substituent  in  the  instance  of  hydrolysis  of  adducts  of  azodicarboxylic  ester  with  tolylbutadicnes. 


The  liquid  N-carbethoxyhydropytidazincs  (I,  IV,  V)  were  characterized  by  their  addition  products  with 
plienyl  isothiocyanatc.  It  was  established  that  the  thus-formed  substituted  plienyllluoureas  (anilides  of  2-carbethoxy 
hydropyridazinc-l-thiocarboxylic  acids,  Vl-VIli)  upon  heating  readily  lose  a  molecule  of  alcohol  with  the  forma¬ 
tion  of  the  bicyclic  system  of  sym-triazolidino-(l,  2-1 ,2)-hydropyridazinc  (EX -XI). 
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EX  PERIMENTAL 

N-Carhethoxy-A^-tetrahydro-  and  hexahydropyridazines  were  obtained  by  partial  hydrolysis  of  1,2-dicarbe- 
ihoxy-A^-tctrahydro-  and  hexahydropyridaziiies  (adducts  of  azodicarboxylic  ester  with  dienes,  and  their  dihydrides). 
The  hydrolysis  was  carried  out  by  4-hour  steam-bath  heating  of  a  sv^lution  of  0.2  mole  of  the  dicarbethoxy  com¬ 
pound  and  28  g  of  potassium  hydroxide  in  150  ml  of  alcohol.  The  precipitated  potassium  carbonate  was  removed 
by  vacuum  filtration  and  washed  on  the  filter  with  ether.  The  solvents  were  distilled  from  the  filtrate  and  the  reac¬ 
tion  product  was  separated  from  the  residue  by  vacuum  distillation.  In  the  case  of  the  adducts  of  azodicarboxylic 
ester  with  l,l’-dicyclopcntcnyl  and  1  ,l'-dicyclohexenyl,  the  reaction  products  had  crystallized  after  distilling 
off  the  ether,  and  their  purification  was  accomplished  by  rccrystallization  from  a  mixture  of  alcohol  and  90-95* 
petroleum  ether.  The  constants,  yields,  and  analytical  data  on  the  carbethoxy  compounds  (l-V)  thus  obtained  are 
presented  in  Table  1.  • 

Addition  of  N -Carbethoxy  Compounds  to  Fbcnyl  Isothiocyanatc  was  accomplished  by  heating  a  mixture  of 
the  reactants  (slight  excess  of  phenyl  isothiocyanatc)  for  5-10  minutes  at  60-80*.  Tlie  reaction  product  was  washed 
with  507o  alcohol  and  with  petroleum  ether  and  recrystallizcd  from  a  I ;  1  mixture  of  alcohol  and  90-95*  petroleum 
ether.  The  constants  and  analytical  data  on  the  substituted  phenylthioureas  which  were  obtained  (anilides  of  2- 
carbethoxyhydropyridazine-l-thiocarboxylic  acids;  VI-VUI)  are  presented  in  Table  2, 

Cyclization  of  these  compounds  was  accomplished  by  heating  them  at  150-180*  for  5-10  minutes.  The  cyclic 
reaction  products,  derivatives  of  sym-triazolidino-(l ,2-l,2)-hydropyrid3zircs  (IX -XI),  were  recrystallizcd  from  al¬ 
cohol:  their  constants  and  analytical  data  arc  presented  in  Table  2. 
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Carbethoxytetra-  and  Hexahydropyrldazines 


Anilides  of  2-Carbethoxyhydropyridazine-l-Thiocarboxylic  Acids  and  Products  of  Their  Cyclization,  sym-Triazolidino-(l,2-l,2)-Hydropy:idaziacs 
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Found  S  9.65,  9.63.  Calculated  %;  S  9.79. 


1.  By  partial  hydrolysis  of  the  adducts  of  azodicarboxylic  ester  with  piperylene,  dicyclopentenyl,  and  dlcyclo- 
hexenyl,  the  corresponding  N-carbethoxy-A^-tetrahydropyridazines  have  been  obtained. 

2.  N-Carbethoxyhexahydropyridazlnes  have  been  obtained  analogously  from  the  hydrogenated  adducts  of 
azodicarboxylic  acid  with  piperylene  and  dicyclopentenyl. 

3.  It  has  been  established  that  when  the  N-carbethoxyhydropyridazInes  which  were  obtained  are  added  to 
phenyl  isothiocyanate,  the  addition  products  are  readily  cyclized,  forming  the  sym-trlazolidino-(l,2-l,2)-hydro- 
pyridazine  system. 
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Li  previous  communications  we  described  a  new  method  of  synthesizing  arylcyclobutanes  by  catalytic  de¬ 
composition  of  aryltetrahydropyridazincs  [1-3].  In  connection  with  further  study  of  the  possibility  of  synthesizing 
alkylcyclobutanes  and  cycloalkanocyclobutancs  by  this  same  method  [4],  it  was  necessary  to  synthesize  the  cor- 
responduig  tetrahydropyridazines  with  a  different  position  of  the  double  bond. 

The  simplest  method  of  preparing  tetrahydropyridazines  is  the  hydrolysis  and  decarboxylation  of  adducts  of 
azodicarboxylic  ester  './ith  dienes.  It  is  known  tliat  adducts  of  arylbutadienes  (I)  upon  hydrolysis  give  simultaneous 
decarboxylation  and  a  shift  of  the  double  bond  from  position  4  to  position  2,  resulting  in  the  formation  of  aryl- 
A* -tetrahydropyridazines  (ll)  [1-3,  5]. 
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In  the  present  work  it  is  shown  that  the  adduct  of  piperylene  with  azodicarboxylic  ester  (ill)  upon  hydrolysis 
does  not  sliow  the  double-bond  shift;  3-njcthyl-A^-tetrahydropyridazine  (T/)  is  obtained. 
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The  3-methyltctrahydropyridaziiie  obtained  by  this  method  gives  a  dibenzoyl  derivative  which  is  identical 
with  the  3-mcthyl-l,2-dibcnzoyl-A^-tetrahydropyridazine  synthesized  by  the  interaction  of  azodibcnzoyl  with  pl- 
perylene  [6](mLxed  sample  did  not  give  any  melting-point  .depression).  The  absorption  spectrum  of  3-methyl -A*- 
tetrahydropyridazine  in  the  infrared  region  contains  a  broad  band  at  3212-3306  cm"',  corresponding  to  two  NH 
groups*  [7]. 


•  A  similar  broad  band  at  3296-3316  cm"'  is  also  observed  in  the  infrared  spectrum  of  3-mcthylhexahydropyrldazlne, 
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Similarly,  the  adducts  of  azodicarboxylic  ester  with  l,l'-dicyclopentenyl  (V)  and  l,l’-dicyclohexenyl  (VII) 
upon  hydrolysis  gave  tlie  corresponding  bis-cycloalkano-A^-  tetrahydropyridazines  (VI)  and  (vni). 


(V) n=i,  (VI)a==l, 

(W) a=2,  (VlII)n=2. 


The  dibenzoyl  derivative  of  the  bis-cyclopentano-A^-tetrahydropyridazine  is  identical  with  the  bis-cyclo- 
pentano-1 ,2 -dibenzoyl -A^-tetrahydropyridazine  obtained  by  the  diene  synthesis  from  azodibenzoyl  and  l,l’-di- 
cyclopentenyl  [6J. 

Thus,  in  the  hydrolysis  of  adducts  of  azodicarboxylic  ester  with  the  alkylbutadiene  or  with  the  bis-cyclo- 
alkanobutadienes  (in  contrast  with  the  hydrolysis  of  adducts  with  arylbutadienes)  the  shift  of  the  double  bond  to  the 
nitrogen  atom  does  not  occur. 

An  indirect  method  was  utilized  for  the  purpose  of  preparing  alkyl-  and  bis-cycloallianotetrahydropyridazines 
with  the  double  bond  at  the  nitrogen  atom.  Hydrogenated  adducts  of  piperylene  and  l,l*-dicyclopentenyl*  with 
azodicarboxylic  ester  were  hydrolyzed  to  obtain  the  corresponding  hexahydropyridazines. 
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The  hexahydropyridazines  (X)  and  (XU)  were  then  subjected  to  oxidation,  using  as  oxidizers  hydrogen  peroxide 
(with  traces  of  cupric  chloride),  mercuric  oxide,  and  ammoniacal  cupric  hydroxide  solution.  It  was  found  that  in 
the  process  of  oxidation  there  also  occurs  a  shift  of  the  double  bond  to  position  2,  giving  the  A* -tetrahydropyrida¬ 
zines  (XIII)  and(xrv)  in  place  of  the  expected  A* -tetrahydropyridazines. 
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•  The  adduct  of  azodicarboxylic  ester  with  l,l’-dicyclohexenyl  could  not  be  hydrogenated  successfully  in  the 
presence  of  platinum  and  palladium  even  at  75*. 


2460 


-Tctrahydropyridazwes  and  Their  Derivatives 
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Atomic  refraction  of  nitrogen  taken  equal  to  2.48  [101 
Literature  data  [111  B.p.  118*  (0.5  mm),  n^^*  1.4704,  dJ2  1.115. 

From  petroleum  ether. 

Literature  data  [61  M.p.  121-122*;  obtained  from  piperylene  and  azodibenzoyl. 
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Atomic  refraction  of  nitrogen  taken  equal  to  2,48  [lOi 

Literature  data  [Hi  B.p.  165*  (25  mm),  128-129*  (0.9  mm),  n_**  1.4619. 


The  occurrence  of  this  shift  is  verified  by  the  fact 
that  the  tetrahydropyridazines  obtained  by  such  a  method 
react  with  phenyl  isothiocyanate,  forming  addition  products. 
The  infrared  spectrum  of  3-methyl -A* -tetrahydropyridazine 
contains  a  narrow  line  at  3338  cm“^,  corresponding  to  the 
NH  group  [7J.  A  similar  shift  of  the  double  bond  -  transi¬ 
tion  from  the  azo-form  (aM  to  the  hydrazono-fotm  (A*)- 
Is  known  for  diphenyl -A* -tetrahydropyridazine  [5],  pyrazo- 
lines  [8],  and  certain  azo  compounds  [91 

It  is  Interesting  to  note  that  all  of  the  A^-tetrahydro- 
pyridazlnes  and  hexahydropyridazines  which  we  obtained 
(excluding  the  3-methylhexahydropyridazine),  although 
containing  two  NH  groups  and  giving  dibenzoyl  deriva¬ 
tives,  react  with  only  one  molecule  of  phenyl  isothiocyanate, 
which  may  be  explained  by  steric  hindrances  which  pre¬ 
vent  the  addition  of  a  second  molecule  of  this  reagent. 

Thus,  the  reaction  with  phenyl  isothiocyanate  can  readily 
lead  to  a  mistake  in  determining  the  position  of  the  double 
bond  (based  on  the  number  of  NH  groups)  in  tetrahydro¬ 
pyridazines. 

EX  PERIMENT A  L 

1.2- Dicarbethoxy-A^-tetrahydropyridazines  (the 
adducts  of  azodicarboxylic  ester  witli  piperylene,  1,1’- 
dlcyclopentenyl,  and  l,l’-dicyclohexenyl)  were  prepared 
by  mixing  benzene  solutions  of  equimolar  quantities  of 
the  reactants  [lOj  and  separated  by  vacuum  distillation. 

The  yields,  constants,  and  analytical  data  are  presented 
in  Table  1. 

A*-Tetrahydropyridazines  were  prepared  by  3 -hour 
steam -bath  heating  of  a  solution  of  0.2  mole  of  the  adduct 
and  56  g  (1  mole)  of  potassium  hydroxide  in  250  ml  of 
alcohol.  The  precipitated  potassium  carbonate  was  separated 
and  washed  several  times  with  ether.  The  solvent  was 
removed  from  the  filtrate  by  distillation,  and  the  reaction 
product  was  separated  from  the  residue  either  by  vacuum 
distillation  (in  the  case  of  3 -methyl -A^ -tetrahydropyrida¬ 
zine)  or  by  extraction  with  benzene.  The  A^-tetrahydro- 
pyridazines  were  characterized  by  dibenzoyl  derivatives 
(prepared  by  a  method  described  for  the  benzoylation  of 
pyrazolines  [12J)  and  by  their  addition  products  with  phenyl 
Isothiocyanate.  The  constants  of  the  compounds  which  were 
obtained  are  presented  in  Table  1. 

1 .2- Dicarbethoxyhexahydropyridazines  were  obtained 
by  hydrogenation  of  the  adducts  of  azodicarboxylic  ester 
with  dienes  (piperylene  and  l,l'-dicyclopentenyl)  in  3(y1o 
alcoholic  solution  in  the  presence  of  platinum  catalyst  at 
20-50*.  The  hydrogenated  products  were  separated  by 
vacuum  distillation  (see  Table  2). 

Hexahydropyridazines  were  obtained  by  hydrolysis 
of  the  hydrogenated  adducts  under  the  conditions  indicated 


above  for  hydrolysis  of  the  adducts  themselves.  The  reaction  products  were  separated  by  vacuum  distillation  and 
were  characterized  by  preparhig  dibenzoyl  derivatives  and  addition  products  v/ith  phenyl  Isothiocyanatt  (see 
Table  2). 

A^-Tctrahydropyridazines  were  prepared  by  oxidation  of  hcxahydropyridaziiies  by  three  methods,  which 
give  almost  identical  yield,  a)  Cooling  with  ice  and  stirrLug,  15  ml  of  307o  perhydrol  was  added. diopwise  to  a 
mixture  of  0.1  mole  of  the  liexahydropyridazine  and  a  solution  of  0.05  g  of  cupric  chloride  hi  40  ml  of  water. 

The  reaction  product  was  extracted  with  etlicr,  the  ether  extract  was  dried  with  potassium  carbonate,  and  the 
A*-tetrahydropytidazine  was  separated  (after  distilling  off  the  etber)  by  vacuum  distillation,  b)  Cooling  with 
icc  and  stirring,  27  g  (0.125  mole)  of  yellow  mercuric  oxide  was  added  gradually  to  a  solution  of  1.0  mole  of 
tb.e  hcxahydropyridazinc  in  40  ml  of  anhydrous  benzene  or  ether. 

After  adding  all  of  the  mercuric  oxide,  the  mixture  was  stirred  for  20  minutes  at  room  temperature,  the 
solution  was  decanted  from  the  residue  of  metallic  mercury  and  excess  mercuric  oxide,  the  solvent  was  distilled 
off,  and  the  reaction  product  v;as  separated  by  vacuum  distillation,  c)  To  a  well -cooled  solution  of  0.1  mole  of 
the  hexahydropytidaziue  in  50  ml  of  v/ater,  there  was  added  slowly  v.’ilh  stirring  a  cold  mixture  of  100  ml  of  257<> 
ammonia  solution  with  a  solution  of  51  g  (0.3  mole)  of  cupric  chloride  in  70  ml  of  water.  The  reaction  product 
was  extracted  with  ether  and  separated  in  the  usual  manner.  The  constants,  yields,  and  analytical  data  of  the 
A*-ictrahyclropyridazines  which  were  obtained  and  their  addition  products  with  phenyl  isothiocyanate  are  presented 
in  Table  3. 


SUMMARY 


1.  It  has  been  shown  that  in  the  hydrolysis  of  adducts  of  azodicarboxvlic  ester  with  alkyl-  and  cycloalkano* 
butadienes  there  is  no  sliift  of  the  double  bond  to  the  nitrogen  atom,  and  A^-tetrahydropyridazines  are  formed. 

2.  It  has  been  established  that  upon  oxidation  of  hexahydropyridazines,  as  a  result  of  shifting  the  double  bond 
A*-tctrahy(lropyridazines  are  formed, 

3.  It  has  been  found  that  phenyl  isothiocyanatc  in  the  majority  of  cases  reacts  with  only  one  of  the  two 
adjacent  NU  groups  of  the  A'*-tctrahydro-  or  liexahydropyridazine  ring. 
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The  synthesis  of  cyclohexanedione-1,2  dihydrazone  (I)  was  investigated  for  the  first  time  by  Domnin  and 
Glebovskaya  [IJ.  Unfortunately  these  authors  did  not  succeed  in  developing  a  satisfactory  method  for  synthesizing 
the  compound.  Dihydrazone  (I)  was  prepared  only  once  and  was  not  fully  characterized. 


We  undertook  to  develop  a  method  for  synthesizing  cyclohexanedione-1,2  dihydrazone  (I).  For  comparison 
we  planned  also  to  synthesize  the  acyclic  hexanedione-2,  3  dihydrazone  (II). 

OIL, 

ANNIIj 
=NNH2  |l 

■l  I  CH3-C-C— C1I2-CII2-CH3 

HaC  C=NNH2  II 

\/  NNII2 

cir. 


(I) 


(11) 


Variation  of  the  conditions  of  synthesis,  described  earlier  [IJ,  proved  to  be  inexpedient  for  the  most  part. 

The  reaction  conditions  were  varied  by  working  with  and  without  solvent  and  using  water,  a  water-alcohol  mix¬ 
ture,  and  anhydrous  alcohol  as  solvents.  Hydrazine  hydrate  or  anhydrous  hydrazine,  depending  on  the  aqueous  or 
anhydrous  solvent  used,  was  added,  but  on  addition  of  hydrazine  to  cyclohexanedione-1,2  the  reaction  product 
was  always  an  orange  oil  which  could  not  be  crystallized.  This  oil  was  kept  for  several  mo'nths,  after  which  it 
was  found  to  contain  a  small  amount  of  crystals,  which  were  separated  from  the  oil,  recrystallized,  and  charac¬ 
terized  as  cyclohexanedione-1,2  ketazine  dihydrazone  (III).  In  one  case  only,  large  crystals  of  cyclohexanedione-1,2 
dihydrazone  (I)  separated  out,  as  was  described  earlier  [IJ.  Ketazine  dihydrazone  (III)  was  characterized  by  ele¬ 
mentary  analysis  and  by  preparing  a  derivative  with  phthalic  anhydride.  On  treatment  with  picric  acid,  ketazine 
dihydrazone  (III)  decomposed,  hydrazine  picrate  being  formed. 


The  formation  of  cyclohexanedione-1,2  ketazine  dihydrazone  (III)  probably  takes  place  according  to  the 
following  scheme: 


CH,  CH,  CH, 

/\  /\  /\ 

CH,C=0  H,NNH,CH,  C=NNH,  CH,  C=0  . 

I  I - II  +11 

CH,  c-on  CH,  C=0  CH,  C-OH 

\/  \'/ 

CH  CH,  CH 

(IV)  (V) 

O  O  N-NH,  N-NH, 

HR  n  II 

C  C  c  c 

/\  /\  /\ 

CH,C=NN=C  CH,  H,NNn,  CH,C=N-N=C  CH, 

II  II - ►  II  II 

CH,CH,  H,C  CH,  CH,CH,  CH,CH, 

\/  \/  \/ 

CH,  CH,  CH,  CH, 

(VI)  (III) 
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CycIohexaneclione-1,2  (IV)  exi.ns  in  the  enol  form  [2J.  The  str.ictures  of  the  other  InterniedLate  products 
are  unlmown,  since  they  wore  not  belated.  It  should  be  noted  that  on  addition  of  hydrazine  to  diketona  (IV)  a 
precipitate  formed  —  pfnl>al)ly  monohydrazonc  (V)—  v.hich  could  not  be  Investigated  owing  to  its  instability.  The 
presence  of  an  excess  of  dikelone  (IV)  in  the  initial  reaction  period  favors  the  formation  of  rnonohydrazone  (V), 
ketazinc  (VI),  ar.d  polymeric  chain  ketazines.  Tlic  formation  of  dihydrazone  (I)  under  these  conditions  is  unlikely, 
and  indeed,  it  was  isolated  only  in  one  experiment. 

Proceeding  from  these  con'iderations,  we  clianged  the  order  of  addition  of  the  reagents  and  obtained  good 
yields  of  diliydrazone  (I).  We  found,  however,  that  it  was  difficult  to  crystallize  the  latter  from  the  reaction  mix¬ 
ture.  Since  examination  of  a  model  of  diliydrazone  (I)  sliowcd  that  stcric  hindrances  to  the  formation  of  the  latter 
do  not  exist,  it  must  be  presumed  tliat  the  nonoccurrencc  of  crystallization  is  due  to  the  difficulty  of  nucleus 
fornication.  The  reaction  mixture  is  a  sujicrsaiiiraicd  solution  of  diliydrazone  ( I)  in  alcohol,  water,  and  hydrazine. 
Cihydrazonc  (I)  is  very  soluble  in  these  solvents,  and  crystals  cannot  form.  Crystallization  was  accomplished  only 
by  priming.  It  sliould  be  noted  that  on  rccrystallization  from  dry  benzene,  dihydrazone  (I)  separated  out  without 
difficulty. 

The  structure  of  cyclohexanedione-1,2  dihydrazone  (I)  was  confirmed  by  full  elementary  analysis  and  by 
molecular  weight  determination.  Examination  of  the  infrared  spectrum  confirmed  the  presence  of  a  primary  amino 
group  (wavelengths  3340,  3175,  29G0  cm"^).  It  was  very  difficult  to  Interpret  the  spectrum  for  lower  wave  num¬ 
bers,  since  an  emulsion  of  crystalline  dihydrazone  (I)  in  vaseline  gave  a  spectrum  with  very  low  band  intensity. 
Diliydrazone  (I)  is  difficultly  soluble  in  CCI4,  which  made  it  impossible  to  obtain  the  spectrum  of  this  substance 
in  solution.  On  the  basis  of  the  records  obtained,  the  presence  in  dihydrazone  (I)  of  the  C  =  N  bond,  whose  inten¬ 
sity  in  the  infrared  spectrum  is  low,  cannot  be  determined;  however,  it  may  be  asserted  with  full  confidence  that 
compound  (I)  does  not  contain  a  keto  group. 

In  order  to  compare  properties  and  to  determine  whether  the  difficulty  In  preparing  cyclohcxanedione-1,2 
diliydrazone  (I)  is  due  to  steric  hindrance,  w'c  synthesized  liexanedione-2,3  diliydrazone  (II).  We  attempted  to 
synthesize  the  latter  by  the  cited  method  [3]~  oxidation  of  hexanone-2  to  hexancdione-2,3  with  selenium  dioxide. 
However,  this  method  proved  unsuitable  for  synthesis  of  the  dlketone,  since  the  reaction  gave. a  low  yield,  and 
the  boiling  points  of  hexanonc-2  (127“)  and  hexanedione-2,3  (128.9*)  are  very  close,  so  that  it  proved  impossible 
to  separate  them  by  fractional  distillation. 

Hexanedione-2,3  was  prepared  by  a  modified  procedure  (4]  —  oxidation  of  hexanone-2  with  nitric  acid.  To 
perform  the  oxidation  successfully,  the  conditions  must  be  carefully  chosen,  since,  if  the  conditions  are  too  severe, 
the  diketone  is  oxidized  further,  acids  being  formed.  We  isolated  hexancdione-2,3  from  the  reaction  mixture  in 
the  form  of  the  free  diketone,  from  which  the  dioxime  was  obtained.  The  latter  was  wholly  identical  in  properties 
with  tlie  compound  described  in  [4J. 

Wc  prepared  hcxancdionc-2,3  dihydrazone  (II)  by  the  method  develojied  for  cyclohexancdionc-1,2  dihydra- 
zonc  (I).  It  crystallizes  from  the  reaction  mixture  without  difficulty.  Dihydrazone  (il)  was  characterized  by  full 
elementary  analysis  and  the  molecular  v/eight.  The  infrared  spectrum  showed  the  presence  of  a  primary  amino 
group  (wave  numbers:  3355,  3191,  297G  cm'*)  and  tire  absence  of  a  keto  group.  On  interpreting  the  spectrum  we 
encountered  the  same  difficulties  as  with  the  spectrum  of  dihydrazone  (I),  The  chemical  behavior  of  dihydrazone 
(II)  was  investigated.  It  gives  a  condensation  product  with  phthalic  anhydride  in  the  molar  ratio  1:1.  In  the  pre¬ 
sence  of  picric  acid,  diliydrazone  ( II)  decomposes  and  hydrazine  pictate  is  formed. 

Our  investigation  shows  that  steric  hindrance  is  not  present  in  the  formation  of  cyclohexanedionc-1,2  dihy¬ 
drazone  (I)  or  hcxanedione-2,3  dihydrazone  (II).  This  fact  was  predicted  on  the  basis  of  a  study  of  models  of  these 
conipouiids.  The  difficulty  of  prepaving  crystalline  cyclohcxanedionc-1,2  dihydrazone  (I)  apparently  is  due  to  the 
physicochemical  properties  of  the  reagent  system  in  v.'hich  it  is  observed. 

EX  PERIMENTA  L 

^clohexancdione-1 ,2  Dihydrazone  (I).  Cycloliexanedionc-1 ,2  v/as  prepared  by  oxidizing  cyclohexanone 
with  selenium  dioxide  [5J.  Eight  g  of  anliydrous  hydrazine  [6jand  20  ml  of  anhydrous  alcohol  were  put  into  a 
three -neck  flask  piovided  with  a  stirrer  and  dropping  funnel  and  protected  from  the  entrance  of  moisture.  The 
mixture  was  cooled  to  0"  in  an  ice  bath,  and  a  solution  of  4  g  of  cyclohcxancdionc-1,2  in  20  ml  of  anhydrous  al¬ 
cohol  was  added  dropwisc.  The  reaction  mixture  was  stirred  and  cooled  for  8  hours,  after  which  it  was  left  for  2  da 
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at  room  temperature.  The  aleohol  and  excess  hydrazine  were  distilled  off  in  vacuo  at  a  temperature  not  over  40*. 
After  removal  of  solvent  the  residue  was  placed  in  an  ice  bath  and  very  vigorously  stirred.  After  adding  a  primer 
(glass  powder),  light-yellow  crystals  precipitated,  which  were  dried  first  by  suction  and  then  in  a  desiccator  over 
CaClj.  M.p.  60-62*.  Yield  457o. 

Found  C  51.33,  51.40;  H  8.59,  8.W:  N  40.0-1.*  M  143.  C6H12N4.  Calculated  7o:  C  51.45:  H  8.57;  N  40.00 
M  140. 

CyclohexancdIonc-1,2  dihydrazone  was  unstable,  turned  yellow  in  the  light,  and  resinified  within  a  few  days. 

Cyclohexanedione-1,2  Ketazine  Dihydtazone  ( III).  A  4.1  g  quantity  of  cyclohexanedlone-1,2  and  18  ml  of 
anhydrous  alcohol  were  put  into  a  three -neck  flask  provided  with  a  dropping  funnel  and  mechanical  stirrer.  Four  g 
of  hydrazine  hydrate  was  added  dropwisc  to  the  cooled  (10-12*)  solution.  After  addition  of  about  two-thirds  of  the 
hydrazine  hydrate  taken,  a  light-yellow  precipitate  formed,  which  dissolved  on  further  addition  of  hydrazine  hydrate. 
This  precipitate  could  not  be  studied,  since  it  immediately  resinified  after  removal  from  the  mother  liquor.  When 
all  the  hydrazine  hydrate  had  been  added,  the  reaction  mixture  was  stirred  for  6-7  hours  at  room  temperature.  The 
solvent  was  distilled  off  in  vacuo,  and  the  orange  oil  obtained  was  left  in  the  dark  in  a  desiccator  over  CaCl2  for 
several  months;  long,  colorless  pyramidal  crystals  with  m.p.  178.5*  were  obtained  as  a  result. 

Found  %:  C  57.95,  58.02;  H  8.13,  8.33;  N  34.05,  33.65.  C12H20N6.  Calculated  %  C  58.2;  H  8.1;  N  33.8. 

In  one  case,  after  standing  for  6  months  in  a  desiccator,  two  large  crystals  of  cyclohexanedlone-1,2  dihydra¬ 
zone,  m.p.  60-64*  (according  to  the  data  of  [IJ,  m.p.  63-64*),  had  formed.  The  crystals  were  separated  from  the 
mother  liquor  and  put  into  CCI4,  in  which  they  were  kept  for  several  weeks.  During  this  time  they  changed  to  the 
ketazine  dihydrazone,  m.p.  178.5*,  which  did  not  show  a  melting-point  depression  with  known  cyclohexan»dione-l,2 
ketazine  dihydrazone. 

Hcxancdione-2,3  (acetylbutyryl)  was  prepared  by  a  modified  procedure  [4].  Twenty  g  of  hexanone-2  and 
2  g  of  platinum  wire  catalyst  were  put  into  a  three-neck  flask  provided  with  a  reflux  condenser  and  dropping  funnel. 
The  contents  of  the  flask  were  slightly  heated,  and  42  g  of  nitric  acid  (d  1.36)  was  added.  The  heating  and  the  rate 
of  addition  of  acid  had  to  be  very  carefully  regulated,  especially  in  the  Initial  period  of  the  reaction.  Excessive 
heating  led  to  further  oxidation  of  the  diketone  formed  and  to  decrease  in  yield;  in  the  extreme  case  the  reaction 
might  proceed  explosively. 

When  all  the  acid  had  been  added,  heating  was  continued  for  30-40  minutes.  When  the  reaction  mixture  had 
cooled,  the  upper,  oil  layer  was  separated,  washed  with  a  little  water,  and  neutralized  with  solid  potash.  After 
cooling,  the  diketone  was  extracted  with  ether  and  dried  over  anhydrous  potash.  The  ether  was  driven  off  and  the 
hexanedione-2.3  distUIed.  Yield  7lo.  B.p.  42.5-44*  (40  mm),  nj^*®-*  1.4057,  dj®  0.9259. 

Hexanedione-2,3  was  characterized  by  preparing  the  dioxime,  m.p.  169-169.5*  (according  to  the  data  of  [4} 
m.p.  170-171*). 

Hexanedione-2,3  Dihydrazone  (II).  To  8  g  of  anhydrous  hydrazine  in  20  ml  of  anhydrous  alcohol,  2.4  g  of 
hexanedione-2,3  in  15  ml  of  anhydrous  alcohol  was  added  dropwise  with  stirring  and  cooling.  The  reaction  mix¬ 
ture  was  left  for  2  days  for  crystallization.  The  product,  after  recrystallization  from  anliydrous  methanol  and  then 
benzene,  had  m.p.  59.5-60.3*  and  consisted  of  colorless,  lamellar  crystals.  Yield  50^0. 

Found  %  C  50.46,  50.30;  H  9.92,  9.97;  N  39.55,  39.37;  M  133,  147.  C6H14N4.  Calculated  %  C  50.70; 

H  9.87;  N  39.44.  M  142. 

The  Condensation  of  Hcxanedione-2,3  Dihydrazone  (II)  With  Phthallc  Anhydride  [8J  was  carried  out  in 


acetic  acid.  The  product  was  rccrystallized  from  alcohol.  M.p.  270-276"  (decomp.). 

Found  ‘7o;  N  20.4,  20.6.  Ci4Hi60^N4.  Calculated  yo;  N  20.58. 

Action  of  Picric  Acid  on  Hexancdione-2,3  Dihydrazone  (II).  A  saturated  solution  of  picric  acid  in  95*70  al¬ 


cohol  was  added  to  an  aqueous  solution  of  1  g  of  the  hexanedione  dihydrazone  (II).  The  picrate  melted  at  184.5* 
and  did  not  show  a  melting-point  depression  with  known  hydrazine  picrate. 

Found  7o:  N  27.0,  27.2.  CgH^O^Ng.  Calculated  %  N  26.9. 

•  Analyses  for  nitrogen  by  the  micro-Dumas  method  were  performed  in  the  presence  of  Bcrthollet’s  salt  (7J. 
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A  Specirophotoinctric  Investigation  of  Cyclohcxanedicnc-1 ,2  DUiydrazone  (l)  and  iIexanedione-2.3  Diliy- 
drazone^i)  v/as  cartied  out  in  the  Lufrared  region  with  an  IKS-11  instrument.  The  3  ;i  region  was  taken  wiili  a 
LiP  prism  and  the  6  p  regioii  \<’iih  a  I-JaCl  piLsrn.  Oolh  dihydrazones  were  spectrographed  in  the  form  of  an  emul¬ 
sion  of  crystals  in  vaseline.  The  following  maxima,  indicating  the  presence  of  the  NH2  group  in  the  compounds, 
were  observed. 

Cyclohexancdionc-1,2  Dihydrazone  (I)  3340,  3175,  2960  cm"^;  hcxanedione-2,3  diliydrazone  (II)  3355,  3191, 
2976  cm-^ 

The  spectrum  in  the  6  /r  region  could  not  be  interpreted;  v-'C  could  only  ascertain  that  no  keto  group  was 
present. 

SUMMARY 

1.  Cyclohcxanedionc-1,2  and  hcxancdione-2,3  diliydrazones,  as  well  as  cyclohexanedlone-1,2  ketazine 
dihydrazoiic,  were  prepared  and  characteiized. 

2.  The  interaction  of  oyok'licxAuedionc-l  ,2  v/ith  hydrazine  was  investigated.  It  was  shovtn  that,  depending 
on  the  reaction  conditions,  either  cycIohexancdione-1 ,2  ketazine  diliydrazone  or  cyclohexanedione-1,2  dihydra- 
zone  is  formed. 
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INVESTIGATIONS  IN  THE  FIELD  OF  SYNTHESIS 
AND  CONVERSIONS  IN  THE  D  I A  R  Y  L  C  A  RB  A  M  ID  E  SERIES 

XII.  SYNTHESIS  OF  ANILINES  AND  DIARYLCARBAMIDES.  SIMULTANEOUSLY 
SUBSTITUTED  IN  THE  NUCLEUS  BY  CHLORINE  AND  OTHER  SUBSTITUENTS 

D.  F.  Kutepov,  D.  N.  Khokhlov,  and  V.  L.  Tuzhilkina 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  8, 

pp.  2484-2489,  August,  1960 

Original  article  submitted  July  23,  1959 


Syntheses  of  various  substituted  diarylcarbamides  from  the  corresponding  substituted  anilines  were  described 
earlier  [1,  2J.  In  the  phosgenation  of  2,6-dichloro-4-nitroaniline  it  was  shown  that  anilines  containing  a  halogen 
and  a  nitro  group  simultaneously  in  the  nucleus  react  with  difficulty  with  phosgene,  and  the  corresponding  2,2*,6,6’- 
tetrachloro-4,4*-dinitrodiphenylcarbainide  (I)  is  obtained  under  quite  severe  conditions  in  a  yield  not  over  ll7o 
[2J.  We  continued  these  investigations,  studying  the  reaction  of  phosgene  with  anilines  which  also  contain  chlorine 
atoms  in  positions  2  and  6  simultaneously  but  have  other  substituents  in  position  4,  instead  of  the  nitro  group.  In 
this  case  it  was  found  that  the  carboxyl  or  sulfo  group  in  position  4  hinders  the  reaction  of  anilines  with  phosgene 
even  more  strongly  than  the  nitro  group.  Thus,  for  instance,  the  corresponding  diarylcarbamides  cannot  be  obtained 
by  phosgenation  of  2,6-dichloro3minobenzofc  or  2,6-dichlorosulfanilic  acid  under  any  conditions.  Obviously  these 
diarylcarbamides  can  be  prepared  by  phosgenating  2,6-dichloroaniline  and  then  introducing  the  corresponding  groups 
in  position  4.  Compound  (I),  for  Instance,  has  now  been  obtained  by  us  in  about  8070  yield  by  nitrating  2,2',6,6'- 
tetrachlorodiphenylcarbamide  (ll),  which  is  not  described  in  the  literature  and  was  synthesized  by  us  in  90*70  yield 
by  phosgenating  2,6-dichloroaniIine.  In  addition,  we  prepared  a  number  of  new  diarylcarbamides,  analogs  of  com¬ 
pound  (II),  with  the  general  formula  (A): 


Nil — CO — Nil 


ClA,Cl 


I 

R 


(A) 


where  R  =  H  (II),  F  (III),  Br  (FV),  I  (V),  or  CH3  (VI),  and  also  an  isomer  of  compound  (III)  —  2,2’-difluoro-4,4’,  6,6' 
tctrachlorodiphenylcarbamide  ( VII). 

All  these  diarylcarbamides  are  prepared  relatively  easily  by  phosgenating  the  corresponding  anilines  in  an 
Inert  solvent,  with  heating.  Certain  of  the  anilines  arc  not  described  in  the  literature  and  were  prepared  by  us  for 
the  first  time. 

The  4-fluoro-2,6-dichloroaniline  required  for  the  synthesis  of  compound  (III)  was  prepared  according  to 
the  scheme 
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Ml., 


Ml-CO-NH 

I  II 

//\ 

1  i!  -2ncr  I  i|  11  -6hcT 

I  I  I 


F 

F 

F 

Ml - CO — NM 

1  1 

N'lli 

1 

1  I 

1 

1 

1 

r  1 _ Z\ _ PI 

4U,04H,S0.  1  11 

1  II 

1 

1  II 

1 

-CO,  *  1  1 

1 

1 

F 

1 

F 

1 

F 

Proceeding  from  o-fliioroanilinc,  the  2-f!uoro-‘l,6-dichloroaniline  required  for  the  synthesis  of  compound 
(VII)  v/as  similarly  prepared.  According  to  iitciatute  data  [3J,  2,6-dichloro-4-bromoanilinc  is  formed  by  chlorinat¬ 
ing  p-bronioanilinc  with  N-chloro“2,4-dichloroacctanilidc.  We  could  not  obtain  it  in  satisfactory  yield  by  this 
method,  since  substitution  of  bromine  by  chlorine  takes  place  on  chlorination.  This  aniline  is  much  more  easily 
obtained  in  good  yield  by  brominating  2,6-dichloroanilinc  in  acetic  acid. 

We  prepared  the  2,6-uichloro-4-iodoaniline  required  for  the  synthesis  of  compound  (V)  by  lodinating  2,6- 
dichloroaniline  with  iodine  monochloridc  in  acetic  acid. 

We  also  prepared  diarylcarbamides  with  the  general  formula  (B)  by  phosgenating  the  corresponding  anilines: 

Nil-CO-NH 

I  I 

I  I  I  I 

V  . 

(B) 

where:  k  =  ci  (ii).  nr  (Viii).  ch,  (ix). 

Most  of  the  substituted  anilines  and  substituted  diarylcarbamides  synthesized  by  us  have  not  been  described 
before  in  the  literature. 

EX  PERIMENT A  L 

2,2’,6,6’-Tetr3chloro-4,4’-dinitrodiphcnylcarbamide  (I).  Seven  g  of  (II)  \ras  dissolved  at  room  temperature 
in  45  ml  of  concentrated  sulfuric  acid.  A  mixture  of  3  ml  of  fuming  nitric  acid  (d  1.5)  and  10  ml  of  concentrated 
sulfuric  acid  was  added  to  the  solution,  witli  stirring,  and  the  reaction  mixture  was  kept  at  room  temperature  for 
30  minutes  and  then  poured  into  ice  water.  The  precipitated  product  was  filtered  out,  and  washed  with  water  and 
acetone.  There  was  obtained  7  g  of  a  white  powder  (79.57o),  m.p.  252-253*  (decomp.).  According  to  the  data  of 
[2^  m.p.  250-251*  and  yield  Il7^>. 

Found  N  12.13,  12.17;  Cl  32.51,  32.44.  CuHeOsN^CV  Calculated  lo:  N  12.74;  Cl  32.23. 

2,2*,6,6*-Tctrachlorodiphenylcarbamide  (II).  Twenty  g  of  2,6-dichloroaniline  was  dissolved  in  200  ml  of 
chlorobenzene  or  trichlorobenzene,  an<l  pliosgcne  was  passed  into  the  solution  at  100*  for  2  hours,  with  stirring. 

On  the  next  day  the  precipitate  formed  was  filtered  out,  and  washed  with  benzene  and  alcohol.  There  was  obtained 
19.4  g  (90'’/j)  of  a  white  powder  with  m.p.  293-295*  (in  a  scaled  capillary).  After  rccrystallization  from  glacial 
acetic  acid  the  melting  point  was  unchanged. 

Found  i<r.  C  44.54,  44.72;  H  2.09,  2.11;  N  7.8^4,  7.95;  Cl  39.19,  39.23.  CijHgOMjCl^.  Calculated  ^o;  C  44.61; 
H  2.30;  N  8.00;  Cl  40.52. 

^,4'-Difluoro-2,2',6^'-tetrachlorophcnyIcarbamide  (III).  Preparation  of  4,4'-difluorodiphcnylcarbamide. 
Twenty  g  of  4-fl.uoroaniline  in  100  ml  of  dichlorocthanc,  70  ml  of  water,  and  20  g  of  sodium  carbonate  were  pul 
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Into  the  reaction  vessel,  and  phosgene  was  passed  in  for  2  hours,  with  stirring  and  cooling.  The  temperature  In  the 
reaction  vessel  was  kept  between  20  and  30*.  On  the  next  day  the  precipitate  was  filtered  out,  and  washed  wirh 
water.  After  drying  there  was  obtained  18  g  (SG.lfo)  of  a  white  powder,  which  was  rccrystalllzed  from  glacial 
acetic  acid.  M.p.  260-263*  (in  a  sealed  capillary). 

Found  7o:  C  63.30,  63.38;  H  4.05,  4.17;  N  11.14,  11.10;  F  13.90, 14.15.  C13H10ON2F1.  Calculated  '1<r.  C  62.90; 

H  4.02;  N  11.28;  F  15.31. 

b)  Preparation  of  4-fluoro-2,6-dichloroaniline.  Into  a  reaction  vessel  containing  20  g  of  4,4’-difluotodiphenyl- 
carbamide  and  240  ml  of  glacial  acetic  acid,  chlorine  was  passed  for  6  hours  at  80*,  with  stirring.  At  the  beginning 
of  the  chlorination  all  the  diphenylcarbamide  dissolved,  but  later  a  bulky  precipitate  formed.  Toward  the  end  of 

the  chlorination  the  contents  of  the  reaction  vessel  were  cooled,  and  the  precipitate  was  filtered  out,  washed  with 
acetic  acid  and  water,  and  dried.  There  was  obtained  20.3  g  of  a  white  powder  consisting  of  substance  (111)  with 
an  admixture  of  a  less -chlorinated  product.  For  hydrolysis  and  deanilination  20  g  of  crude  substance  (111)  was  heated 
In  100  ml  of  concentrated  sulfuric  acid  at  165-170*  for  40  minutes,  cooled,  and  poured  into  1  ml  of  cold  water, 
and  the  precipitated  4-nuoro-2,6-dichloroaniline  was  filtered  out  or  removed  by  steam  distillation.  There  was  ob¬ 
tained  13.3  g  of  a  substance  with  m.p.  59-60*  (from  507o  alcohol). 

Found  '’k  C  40.35,  40.50;  H  2.20,  2.60;  N  7.65,  7.92;  F  9.91,  9.77.  CefUNFCl,.  Calculated  %  C  40.03; 

H  2.23;  N  7.78;  F  10.56. 

c)  Preparation  of  (III).  A  slow  current  of  phosgene  was  passed  for  3  hours  through  a  solution  of  5  g  of  4- 
fluoro-2,6-dichloroaniline  in  30  ml  of  chlorobenzene,  heated  to  105-110*.  The  precipitate  formed  was  filtered 
out,  and  washed  with  benzene  and  acetone.  There  was  obtained  3.2  g  (59.9^/o)  of  a  white  powder,  m.p.  290-291* 

(in  a  sealed  capillary). 

Found  'k.  C  41.05.  41.18;  N  6.83,  6.60;  Cl  36.62,  36.81.  qjHeONjFjC^.  Calculated  %  C  40.44;  N  7.26; 

Cl  36.74. 

2,2',6,6*-Tetrachloro-4,4*-dibromodiphenylcarbamide  (IV).  a)  Preparation  of  2,6-dichloro-4-bromoaniline. 
Six  g  of  2,6-dichIotoaniline  was  dissolved  in  60  ml  of  glacial  acetic  acid,  and  6  g  of  bromine  in  20  ml  o'f  acetic 
acid  was  added  slowly,  with  stirring,  at  a  temperature  not  over  10*.  The  precipitate  formed  was  filtered  out,  washed 
with  water,  and  dried  at  room  temperature.  There  was  obtained  6.6  g  (73.87°)  of  dlchlorobromoaniline,  m.p.  86-87*. 
According  to  data  of  [3 i  m.p.  85*. 

b)  Preparation  of  (IV).  A  slow  current  of  phosgene  was  passed  for  1.5  hours  through  a  solution  of  2  g  of  2,6- 
dichloro-4-bromoaniIine  in  10  ml  of  trichlorobenzene,  heated  to  110-120*.  After  this  the  solution  was  kept  at  the 
same  temperature  for  2.5  hours  more  and  then  left  overnight  at  room  temperature.  The  precipitate  formed  was 
filtered  out,  and  washed  with  benzene  and  alcohol.  There  was  obtained  0.7  g  (33.17°)  of  (IV).  It  sublimed  at  298- 
299*.  M.p.  285*  (in  a  sealed  capUlary). 

Found  7°:  C  31.72,  31.80;  H  1.09,  1.18;  N  5.04,  5.23.  Ci3H60N2Cl4Br2.  Calculated  7°:  C  30.72;  H  1.18; 

N  5.50. 

2,2*,6,6*-Tettachloro-4,4*-diiododiphenylcarbamide  (V).  a)  Preparation  of  2,6-dichloro-4-iodoaniline. 

Ten  g  of  2,6-dichloroaniline  was  dissolved  in  120  ml  of  glacial  acetic  acid.  Then  1.5  ml  of  water,  and  10  g  of 
iodine  monochloride  in  30  ml  of  glacial  acetic  acid  were  added  to  the  solution,  and  the  latter  was  boiled  for  10 
minutes.  On  the  next  day  sodium  bisulfite  solution  was  added,  with  stirring,  until  the  iodine  color  disappeared. 

The  precipitate  was  filtered  out,  washed  with  water,  and  recrystallized  from  307°  alcohol.  There  was  obtained 
11.7  g  of  2,6-dichloro-4-iodoaniline  of  a  light-lilac  color,  m.p.  96-97*.  On  further  recrystallization  the  melting 
point  did  not  change. 

Found  7°:  C  25.52,  25.18;  H  1.54,  1.69;  N  4.76,  5.09;  Cl  +  I  (converted  to  Cl).  35.12,  35.09.  C6H4NCI2I. 
Calculated  7°:  C  25.03;  H  1.40;  N  4.86;C1  +  I  (converted  to  Cl)  36.77. 

b)  Preparation  of  (V).  Five  g  of  2,6-dichloro-4-iodoaniline  was  dissolved  in  50  ml  of  xylene,  the  solution 
heated  to  100*,  and  phosgene  passed  in  for  20  minutes.  The  solution  was  cooled  to  room  temperature,  saturated 
with  phosgene,  and  left  for  several  weeks.  Within  3-5  days  a  precipitate  formed,  the  amount  of  which  gradually 
increased.  Without  waiting  for  the  end  of  the  reaction  the  precipitate  was  filtered  out  and  washed  with  benzene, 
the  mother  liquor  being  saved  in  order  to  obtain  an  additional  quantity  of  (V).  The  yield  was  good.  The  substance 
was  a  white  powder,  insoluble  in  common  solvents,  and  it  could  not  be  recrystallized.  On  heating  to  300*  it  did 
not  melt. 
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Found  C  26.18,  26.48;  H  1.55,  1.26;  N  4.55,  4.71;  Cl  + 1  (converted  to  Cl)  36.14,  36.31.  CuH^ONzCl^Tj. 
Calculated  'I-a  C  25.94;  H  1.01;  N  4.65;  Cl  + 1  (converted  to  Cl)  35.35. 

2,2*,6,G'-TetrachIoro-4.4*-dimetliyldiphcnylcarbarnide  (VI).  This  was  prepared  similarly  to  (iVb).  From  1 
g  of  2,6-dichloro-4-inethylanilinc,  0.2  g  (18.8fo)  of  a  white  powder  was  obtained.  When  the  reaction  was  carried 
out  in  a  incdiuin  consisting  of  the  /notiier  liquor  from  the  preceding  reaction,  the  yield  rose  to  66. O'/'’.  Substance 
(VI)  was  insoluble  in  conmion  solvents  and  could  net  be  recrystallized.  At  284*  it  sublimed. 

Found  fo:  C  47.4  0,  46.97;  H  3.40,  3.02;  N  6.80,  6.75;  Cl  36.30,  36.45.  Ci5,Hi20N2Cl4.  Calculated  ''h.  C  47.61; 
H  3.17;  N  7.40;  Cl  37.56. 

2,2*-DifIuoro-4,4\6,6*-tetrachIorodiphenylcnrbamide  (ViO.  a)  2,2*-DifluotodipIicnylcatbanude  was  prepared 
similarly  to  (Ilia).  Ten  g  of  2-fluoroanilinc  gave  9.2  g  CSS'^o)  of  a  white  powder.  M.p.  240-242*  (in  a  sealed  capil¬ 
lary). 

Found  ‘U  C  63.70,  63.79;  H  4.10,  4.33;  N  11.22,  11.06;  F  14.07.14.30.  CiaHioONjFj.  Calculated  %  C  62.90; 

II  4.02;  N  11.28;  F  15.31. 

b)  2-[Tuoro-4,6-dichlotoaniline  was  prepared  similarly  to  (lllb).  Seven  g  of  2,2*-difluorodiphenylcarbamlde 
gave  3.6  g  of  fluoicdicliloroaniliiie,  which  after  recrystallization  from  507o  alcohol  melted  at  60-61*. 

Found  70;  C  40.44,  40.82;  N  7.55,  7.66;  F  9.17.  C6H4NFCI2.  Calculated  %  C  40.03;  N  7.78;  F  10.56. 

c)  Compound  (VII)  was  prepared  similarly  to  (lllc).  Three  g  of  2-fluoro-4,6-dichloroanllinc  gave  0,8  g 
(23.5'7<’)  of  a  white  powder,  m.p.  298-300*  (in  a  sealed  capillary). 

Found  '7>r.  N  7.17,  7.31;  F  9.42;  Cl  36.12,  36.32.  C13H6ON2F2CI4.  C.alculated  %  N  7.26;  F  9.84;  Cl  36.74. 

2,2*,6,6’-Tctrabromodiphenylcarbamide  (VIII).  This  was  prepared  similarly  to  (iVb)  at  90-100*.  Five  g  of 
2,6-dibroinoaniline  gave  2.5  g  (47.57o)  of  a  white  powder.  When  the  reaction  was  repeated,  the  mother  liquor  from 
the  reaction  carried  out  earlier  being  used  as  solvent,  the  yield  increased  to  937o.  The  product  did  not  melt.  It 
sublimed  at  299-300*. 

Found  C  30.10,  30.34;  11  1.85,  2.03;  N  5.07,  5.16;  Dr  60.70,  69.18.  Ci3H80N2Br4.  Calculated  7’:  C  29.56; 

H  1.51;  N  5.31;  Br  60.57. 

2,2',6,6'-Tetramcihyldiphcnylcarbamide  (IX).  A  0.5  g  quantity  of  2,6-dimcthylaniline  was  phosgenated 
with  vigorous  stirring  in  20  ml  of  water  for  30  minutes,  soda  solution  being  added  gradually  to  neutralize  the  hy¬ 
drogen  chloride  formed  in  the  reaction.  There  was  obtained  0.47  g  (857®)  of  a  white  powder.  M.p.  321-323*  (decon 

Found  7o:  C  75.88,  75.85;  H  8.24,  7.99;  N  10.49,  10.55.  C^HjoGNj.  Calculated  70;  C  76.08;  H  7.51;  N  10.44. 

SUMMARY 

1.  A  number  of  new  substituted  anilines  and  diarylcarbamides,  containing  chlorine  and  other  substituents 
simultaneously  in  the  nucleus,  were  synthesized. 

2.  It  was  shown  that  such  substituents  as  the  nitro,  carboxyl,  and  sulfo  groups,  situated  in  tlie  nucleus  of  the 
aniline,  strongly  hinder  its  reaction  with  phosgene, 
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Exchange  reactions  between  diphenylcarbamide  and  its  derivatives  and  a  number  of  primary  aromatic  amines 
[1],  and  reactions  of  transamidation  of  carboxylic  acid  amides  [2],  are  described  in  the  literature.  The  reaction  of 
4,4’-dinitrodiphcnylcarbamide  with  aniline  was  investigated  in  detail  earlier  [3].  In  this  case  it  was  found  that 
under  optimum  conditions  the  reaction  goes  with  a  nearly  quantitative  yield  of  p-nitroaniline  and  diphenylcarbamide. 
Moreover,  this  reaction  was  shown  to  be  reversible. 


NH-CO-NIl  NHj  NHj  NII-CO-NII 


I  I  I 

NO2  NO2  NO2 


However,  the  reverse  reaction  goes  with  much  greater  difficulty  than  the  forward,  and  a  large  excess  of 
p-nitroaniline  is  required  in  order  to  carry  it  out.  From  literature  data  [4J  it  is  also  known  that  aromatic  mono- 
substituted  arylcarbamides  are  converted  to  symmetrical  diarylcarbamides  by  heating  to  their  melting  points.  The 
rates  and  degrees  of  conversion  depend  on  the  conditions  under  which  the  process  takes  place. 

In  the  present  work  we  investigated  the  interaction  of  hexachlorodiphenylcarbamides  with  aniline.  This 
reaction  is  not  described  in  the  literature  and  is  of  interest. 

When  a  mixture  of  2,2*,4,4',6,6*-hexachlorodiphenylcarbamide  and  aniline  is  heated,  the  reaction  goes 
according  to  the  equation 


Nil - CO— NH  NH2  NH2  NII-CO-NH 


Yields  of  2,4,6-trichloroaniline  and  diphenylcarbamide  reach  97‘7o.  The  optimum  quantity  of  aniline  is 
of  theoretical;  when  the  quantity  of  aniline  is  increased  to  30070,  the  yield  of  trichloroaniline  sharply  falls.  The 
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optimum  temperature  is  180-190*;  lowering  the  temperature  to  150*  slows  the  reaction,  whereas  raising  it  to  200* 
leads  to  greater  rcsinification  of  the  reaction  mass  and  a  diminished  yield  of  final  products.  The  reaction  time 
is  3  hours  or  less.  When  the  reaction  time  is  decreased  to  30  minutes,  the  process  does  not  goto  completion. 

V/e  also  investigated  the  reaction  of  2,2’,4,4*,r),5*-hexachlorodiphcnylcarbamide  with  aniline,  which  goes 
according  to  the  equation 
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In  this  case  2,4,5-trichloroaniline  and  diphenylcarbamide  are  formed  in  927o  yield. 

The  mechanism  of  the  interaction  of  hcxachlorodiphenylcarbamides  with  aniline  may  be  represented  by  the 
scheme 

(I)  r,6H2Cl3NllCOi\HC6H2Cl3  CclIaChjN'Ha  |- CoII..jC!3NCO 
(H)  CcMzClaNCO-l- ColI:,Nll2  ->  (VlaCIaNMlCON’IKVl^ 

(III)  ColIil'.ljMlCONlICclIs  CcHoClaNllj  hCoMjNCO 

(IV)  CclIiNCO  +  CclloNHz  CclIoNIICONllCoHs 

The  formation  of  trichlorophenyl  isocyanate  on  heating  of  hexachlorodiphenylcarbamide  was  proved  by  us 
experimentally.  For  tliis  purpose  hexachlorodiphenylcarbamide  was  heated  in  decalin;  the  2,4,6-trichlorophenyl 
isocyanate  formed  under  these  conditions  was  combined  with  2,4-dichloroaniline,  and  the  resulting  compound  — 
2,2',4,4',6-pcntachlorodiplienylcarbamide  —  was  isolated  in  pure  form. 

EX  PER  IMENTAL 

1.  Reaction  of  2,2*,4,4*,6,6*-Hcxachlorodiplienylcarbamide  with  Aniline.  A  mixture  of  hexachlorcdiphenyl- 
carbamide  and  aniline  was  heated  at  180-190*.  The  reaction  mass  was  cooled  to  25’  and  the  excess  aniline  re¬ 
moved  with  hydrochloric  acid,  and  the  precipitate  was  then  washed  with  water  and  alcohol.  Diphenylcarbamide 
was  left  on  the  filter;  dilution  of  the  alcoholic  filtrate  with  water  resulted  in  the  formation  of  a  2,4,5-trichloroani¬ 
line  precipitate,  which  was  recrystallizcd.  Results  of  the  experiments  arc  given  in  the  table. 

hi  Experiments  5  and  6  aniline  and  2,4,6-trichIoroaniline  were  steam  distilled  from  the  reaction  mass. 

2.  Reaction  of  2,2’,4,4’,5,5'-Hcxachlorodiphcnylcarbamide  with  Aniline.  A  mixture  of  6.38  gofhexa- 
chlorodiphenylcarbamide  and  5  g  (185‘’/o)  of  aniline  was  heated  at  ISO*  for  3  hours.  Then  the  excess  aniline  and 
1.18  g  of  2,4,5-ttichloroaniline,  m.p.  96*,  were  removed  by  steam  distillation.  After  filtration  of  the  reaction 
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mass  a  7.4  g  residue  (mixture  of  trichlotoanillne  and  diphenylcarbamide)  was  obtained.  This  residue  gave  5.93  g 
ofmatcrial,  which  was  washed  several  times  with  alcohol.  As  a  result  there  was  obtained  2.51  g  (987o)  of  diphenyl- 
carbamide,  m.p.  237*:  after  recrystallization  from  glacial  acetic  acid,  m.p.  239*. 

Found  '7o;  C  72.48,  73.2-t:  il  6.08,  5.95;  N  13.47,  12.98.  CijHijONj.  Calculated  %  C  73.58;  H  5.66;  N  13.2. 

The  alcoholic  washings  were  evaporated  to  dryness.  This  resulted  in  a  3.6  g  residue  with  m.p.  96.5*  after 
recrystallization,  which  corresponds  to  the  melting  point  of  2,4,5-trichloroaniline.  A  mixed  sample  of  the  sub¬ 
stance  obtained  with  2,4,5-trichloroanilinc  showed  no  melting-point  depression. 

3.  Thermal  Decomposition  of  2, 2*. 4 ,4*  .6,6'-Hexachlorodiphcnylcarbamide.  Fifteen  g  of  hexachlorodiphenyl- 
carbamide  in  300  ml  of  decalinwas  heated  at  195-200’  for  10  hours.  A  1.55  g  quantity  of  undecomposed  hexa- 
chlorodiphcnylcarbamide  was  filtered  out  of  the  reaction  mass.  The  products  formed,  dissolved  in  300  ml  of  decalin, 
were  heated  to  120*,  l.e.,  the  decomposition  temperature  of  the  hexachlorodiphenylcarbamide  [5],  and  at  this  tem¬ 
perature  6.8  g  of  phosgene  was  passed  into  the  solution  during  45  minutes  in  order  to  react  with  the  2,4,6-trichloro- 
aniline  formed.  As  a  result  there  was  obtained  6.2  g  of  a  substance  with  m.p.  290*,  or  320*  after  recrystallization 
(hexachlorodiphenylcarbamide).  The  2,4, 6 -trichloro phenyl  isocyanate  remaining  in  the  solution  was  isolated  by 
condensation  with  2,4-dichloroanilinc,  in  the  form  of  2,4,6,2',4'-pentachlorodlphenylcarbamide.  For  this  purpose 
part  of  the  solution  (80  ml)  was  blown  out  with  air  to  remove  excess  phosgene,  and  then  treated  at  50*  with  1.5  g 
of  2,4-dichloroaniline  dissolved  in  15  ml  of  dry  dichloroethane.  The  mixture  was  kept  at  this  temperature  for 
3.5  hours.  The  precipitate  formed  was  filtered  out,  washed  with  dichloroethane,  and  dried  at, 60*.  There  was  ob¬ 
tained  2.2  g  of  a  substance  with  m.p.  250*,  which  corresponds  to  2,4,6,2’,4'-pentachlorodiphenylcatbamIde  [6J. 

A  mixed  sample  with  pcntachlorodiphcnylcarbamide  showed  no  depression. 

Found  7.r.  Cl  46.15;  46.00.  CijH^ONjClg.  Calculated  7c^  Cl  45.11. 

SUMMARY 

1.  The  reaction  of  hexachlorodiphenylcarbamide  with  anilines  was  studied;  in  this  case  it  was  shown  that 
this  reaction  gives  very  high  yields  of  trichloroanilines  and  diphenylcarbamide. 

2.  A  njcchanism  has  been  proposed  for  tlie  reaction  of  hexachlorodiphenylcarbamide  with  anilines. 
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Original  article  submitted  June  18,  1959 


Previously,  in  a  number  of  our  communications  [1, 2]  we  presented  experiments  on  the  catalytic  conden¬ 
sation  of  Schiff  bases  with  ketones.  The  present  study  is  a  continuation  of  previous  investigations,  here  on  the 
reaction  of  condensation  of  various  Schiff  bases  with  methyl  p-tolyl  ketone. 

This  investigation  shows  that  the  nature  of  the  final  reaction  product  Is  determined  by  the  chemical  na¬ 
ture  of  the  Schiff  base  and  the  conditions  of  carrying  out  the  reaction.  Thus,  in  the  condensation  of  methyl 
p-tolyl  ketone  with  the  Schiff  base  obtained  from  aromatic  aldehydes  and  aniline,  its  homologs  and  derivatives, 
the  sole  reaction  product  under  our  conditions  is  the  corresponding  0 -arylamino-ketone.  For  example,  in  die 
condensation  of  bcn/alaniline  with  methyl  p-tolyl  ketone  we  obtained  p-tolyl-[8 -(anilino)-8 -phenylethyl]- 
ketone.  It  is  pertinent  to  remark  that  tliis  product  was  obtained  earlier  in  an  analogous  way  but  In  the  presence 
of  an  alkaline  catalyst,  but  Mayer  [3]  reports  a  melting  point  of  173*  for  this  substance,  and  Weygand  [4]  gives 
141*.  Our  work  shows  that  this  compound  melts  at  142*. 

From  benzal-p-toluidine  and  methyl  p-tolyl  ketone  we  synthesized  p-tolyl-[8 -(p-toluidino)-8 -phenyl- 
ethyl  ]-kctonc  (II).  In  the  reaction  ofbenzal-m-tohiidine  we  prepared  p-tolyl-[8 -(m-toluidino)-8 -phenylethyl]- 
ketone  (III).  In  the  condensation  of  benzal-p-anisidine  v.’ith  methyl  p-tolyl  ketone  we  obtained  p-tolyl-[8 -(p- 
anisidino)-0 -phenylethyl] -ketone  (IV).  From  bcnzal-p-phenetidine  and  the  p-tolyl  ketone  we  synthesized  p-tolyl- 
[8  -(p-phenctidino)-8  -phenylethyl ]-ketone  (V).  In  the  condensation  of  benzal-m-nitroaniline  with  methyl  p- 
tolyl  ketone  we  synthesized  p-tolyl-[8 -(ni-nitroanilino)-8 -phenylethyl ]-kctone  (VI),  and  finally,  from  benzal- 
p-nitroanilinc  and  methyl  p-tolyl  ketone  we  prepared  p-tolyl-[8 -(p-nitroanilino)-8 -phenylethyl ]-ketone  (VII). 

The  last  six  compounds  were  first  synthesized  by  us. 

The  synthesis  of  all  the  above-mentioned  compounds  can  be  considered  as  the  result  of  addition  of  a  mole¬ 
cule  of  ketone  containing  a  mobile  hydrogen  atom  to  the  azomethine  bond  of  the  Schiff  base,  which  can  be  re¬ 
presented  as  follows. 


C  IT  — PO-  Tl' 

n-CclljN^CII-CoHs  - --->  n-CcH^NM-CII-CoHs 

I 

ClIa-CO-R* 


When  our  synthesized  8 -arylaminoketones  arc  heated  with  concentrated  hydrochloric  acid,  they  undergo 
hydramine  splitting  according  to  the  following  scheme 

n-CuHiNH-CH-CcHs  — v  R-Ccll^NlL,  [  CcH^iCII^Cll-CO-R' 

dllz-CO-IV 
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As  we  already  mentioned  before,  [1, 2],  the  Schiff  bases  obtained  from  2-naphthylamine  and  aromatic  al¬ 
dehydes  react  very  specifically  with  aliphatic  aromatic  ketones.  Depending  on  the  chemical  nature  of  the  Schiff 
base  and  the  reaction  conditions,  we  can  obtain  the  corresponding  6 -arylaminoketone  or  a  derivative  of  2-phenyl- 
5,6-benzoquinoline.  This  is  explained  by  tlie  fact  that  arylaminoketones  which  contain  a  2-naphthylamine  re¬ 
sidue  in  the  6 -positiondo  not  undcrgohydraminic  splitting,  but  have  the  exclusive  ability  to  cyclize  into  the  cor¬ 
responding  derivative  of  5,6-bcnzoquinoline  [5).  Thus,  under  relatively  mild  reaction  conditions  (heating  15-20 
minutes)  bcnzal-2-naphthylaminc  and  methyl  p-tolyl  ketone  from  p-tolyl-[8 -(2-naphthylamino)-8 -phenylethyl] 
ketone  (VIII).  However  if  the  reaction  is  run  for  a  longer  time  and  in  a  sealed  tube,  the  chief  reaction  product 
Is  2-phenyl-4-(4-methylphenyl)-5,6-benzoquinoline  (IX).  The  latter  substance  is  the  product  of  cycllzation  of 
p-tolyI-8 -(2-naphthyIamino)-S -phenylethylketone.  We  confirmed  this  idea  by  special  experiments.  By  the 
same  process  we  succeeded  in  condensing  benzal-2-naplithylamine  with  methyl  p-tolyl  ketone  under  new  condi¬ 
tions  to  obtain2-phenyl-4-(4-mcthylphenyl)-5,6-benzoquinoline  (IX):  in  the  condensation  of  m-nitrobenzal-2- 
naphthylamine  with  methyl  p-tolyl  ketone  we  synthesized  2-m-nittophenyl-4-(4-methylphenyl)-5,6-benzoquino- 
line  (X),  in  the  condensation  of  p-nitrobcnzal -2-naphthylamine  with  methyl  p-tolyl  ketone  we  succeeded  in  ob¬ 
taining  2-p-nitrophcnyl-4-(4-methylphcnyl)-5,6-benzoquinoline  (XI),  and  in  the  reaction  of  p-dimethylamino- 
benzal-2-naphthylamine  with  methyl  p-tolyl  ketone  we  synthesized  2-p-dimethylaminophenyl-4-(4-methyl- 
phcnyl)-5,6-bcnzoquinoline  (XII).  All  the  substances  mentioned  by  us  in  this  series  were  obtained  for  the  first 
time  here. 

The  mechanism  of  this  reaction  can  be  represented  as  follows 


* _ _ 1 


V\: 


Cllj-CO-U' 

I 


CHi-CO-Il' 


u 


W  -UJ 


-f-ll2+Il20 


All  tijesc  reactions  have  a  catalytic  character;  thecatalysts  in  these  reactions  are  the  salts  of  those  primary 
aromatic  amines  which  enter  the  composition  of  the  Schiff  base  used  in  the  chemical  reaction. 


EX  PERIMENTAL 

The  starting  substances,  the  Schiff  bases,  were  obtained  by  the  usual  method,  except  for  bcnzal-m-nitro- 
aniline  and  benzal-p-nitroaniline  which  were  synthesized  by  the  method  of  [6].  Methyl  p-tolyl  ketone  was 
prepared  according  to  the  literature  [7]. 

1.  Synthesis  of  8 -arylaminoketones  was  carried  out  in  two  variants;  in  the  first  variant  the  reaction  mass 
of  0.01  mole  Schiff  base,  0.01  mole  of  methyl  p-tolyl  ketone,  10  ml  of  alcohol,  and  1.0  g  of  the  hydrochloride 
of  the  amine  in  the  Schiff  base  was  heated  on  a  water  bath  for  30-40  minutes  in  a  flask  with  a  reflux  condenser. 
After  cooling,  the  crystals  which  separated  were  filtered  off,  treated  to  an  alkaline  reaction  with  a  weak  solution 
of  ammonia,  andcrystallizcd  from  a  mixture  of  alcohol  and  benzene. 

In  the  second  variant  the  reaction  mass  was  heated  30-40  minutes  on  a  water  bath  in  a  sealed  tube.  All 
tlie  rest  of  the  treatment  of  the  reaction  product  was  as  described  above.  We  consider  the  second  variant  more 
suitable  since  it  gives  somewhat  higher  yields  of  reaction  product  and  the  latter  is  obtained  in  purer  form.  There 
fore  the  synthesis  of  the  6  -arylaminoketones  which  we  synthesized  are  given  in  the  table. 

Hydraminc  splitting  of  the  8 -arylaminoketones  was  carried  out  as  follows:  0. 1-0.3  g  of  8 -arylaminoketone 
and  5.0  ml  of  concentrated  hydrochloric  acid  were  heated  with  shaking  on  a  boiling  water  bath  to  complete  dis¬ 
appearance  of  the  solid  8 -arylaminoketone  into  a  melted  surface  oil.  As  a  rule,  this  took  not  more  than  2-10 
minutes.  After  cooling  in  a  refrigerator  the  oil  crystallized.  Then  the  acid  was  poured  off,  the  crystals  were 
washed  with  cold  water  and  recrystallized  from  alcohol.  The  resulting  substance  had  m.p.  55*.  A  mixed  sample 
of  this  substance  with  commerical  known  4’-methylchalcone  [8]  showed  no  melting  point  depression. 

2.  Synthesis  of  8 -(2-naphthylainino)-8 -phenylethyl  ketone  (VIII).  The  reaction  mass  from  5  g  of  benzal- 
2-naplnhylaminc,  3  g  of  methyl  p-tolyl  ketone,  10  ml  of  alcohol,  and  1.0  g  of  2-naphthylamine  hydrochloride 
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Nniiic  and  formula  of  synthesized 
S-arylaininohetones 


p-Tolyl-[0-(anilino)-B-phenyletliyl)- 

hetotic  CzzHaiON  (I) 

p-Tolyl-[t3 -(p- toluidino)-0  -phenyl- 
ethylj-ketone  „ 

^23^^23®^  (II) 

p- Toly  l-[3-(  in- toluidinol)- 6 -phenyl- 
cthyl]-ketone 

CagllaqON  (III) 

p-Tolyl-[3-(p-anisidino)-3-phenyl- 

ethyll-ketone 

C23II23O2N  (IV) 

p-'J’olyl-[B-(p-phenetidIno)-6-phenyll 
ethyll-ketone 

C24II25O2N  (V) 

p-Tolyl-[8-(m-nitroanilino)-8- 
phenylethyl]-ketonc 

C22H2o03N2(VI) 

p-Tolyl-[fl-(p-nitroanilino)-8- 
phenylethyl]-ketone 

C22H2o03N2  (VII) 


M.p. 

Yield.  % 

1 

N 

calculated  | 

found 

142° 

4.44 

4.30,  4.23 

1.31 

.34. .3 

4.2.3 

4.18,  4.09 

114  ' 

48..*) 

4.25 

4.02.  4.02 

120 

4.3.4 

4.06 

4.15.  4.06 

i29-i:in 

6(».0 

3.90 

4.18,  4.13 

1.30 

.32.8 

7.77 

7.64,  7.84 

1.38 

4.3.7 

7.77 

7.62,  7.81 

was  heated  in  a  beaker  for  10  minutes  on  a  water  bath.  After  treatment  we  obtained  2.7  g  (34.3%)  of  a  substance 
with  m.p.  186*  from  benzene. 

bound  lo:  N  3.82,  3.96.  CjcHzaON.  Calculated  %;  N  3.84. 

3.  Synthesis  of  2-phenyl -4 -(4-methylphenyl)-5,6-benzoquinoline  (IX).  Two  g  of  6 -(2-naphthylamino)- 
8 -phenyleihyl  ketone  was  heated  30  minutes  on  the  water  bath  with  5.0  ml  of  concentrated  hydrochloric  acid. 
After  cooling,  the  reaction  mass  was  neutralized  with  a  solution  of  alkali,  the  isolated  product  was  crystallized 
from  a  mixture  of  alcohol  and  benzene.  Vv'e  obtained  1.1  g(60%)  of  a  substance  with  m.p.  148*  from  benzene. 

Found  %:  N  4.17,  4-.21.  CzgHigN.  Calculated  %;  N  4.06. 

Hydrochloride  m.p.  212*.  Picratc  m.p.  25-1*. 

Analysis  of  chloroplatinate.  Found  %  Pt  17.61.  (t^6^^9N)3  *  HjClgPt.  Calculated  %:  Pt  17.70. 

The  synthesis  of  5,6-benzoquinolfne  derivatives  was  also  carried  out  in  two  variants.  In  the  first  variant 
the  reaction  between  the  Schiff  base  from  2-naphthylamine  and  methyl  p-tolyl  ketone  was  carried  out  in  alcohol 
solution  at  100*  in  a  scaled  tube.  Delow  we  give  examples  of  synthesis  by  this  first  variant. 

4.  Synthesis  of  2-phenyl -4 -(4 -methylphcnyl)-5,6-bcnzoquinoline  in  one  step.  The  reaction  mass  from 
2.3  g  of  bcnzal-2-naphthylaminc,  1.4  g  of  methyl  p-tolyl  ketone,  5.0  ml  of  alcohol,  and  1.0  g  of  2-naphthyl¬ 
amine  hydrochloride  was  heated  on  a  boiling  water  bath  for  30  minutes  in  a  scaled  tube.  We  obtained  1,2  g 
(14.0'7o)  of  substance  with  m.p.  148*.  A  sample  mixed  with  the  product  obtained  in  the  previous  experiment 
gave  no  melting  point  depression.  Hydrochloride  m.p.  212*,  picrate  m.p.  254*. 

5.  Synthesis  of  2-(3-nitrophenyl)-4-(4-methylphenyl)-5,6-benzoquinoltne  (X).  In  the  reaction  we  took 
4.0  g  of  m-nitrobcnzal-2-naphthylamine,  2.2  g  of  methyl  p-tolyl  ketone,  5.0  ml  of  alcohol,  and  1.0  g  of  2- 
naphthylaminc  hydrochloride.  The  reaction  was  carried  out  in  the  same  way  as  in  the  preceding  experiment. 

We  obtained  1.8  g  (30%)  of  a  substance  with  m.p.  238*  from  benzene. 

Found  %:  N  7.02,  7.17.  CzsHigQjNj.  Calculated  N  7.18. 

Picrate  m.p.  224*. 

6.  Synthesis  of  2-(4-nitrophcnyl)-4“(4-methylphcnyl)-5,6-benzoquinoline  (XI\  In  the  reaction  we  took 
2.3  g  ofp-nitrobenzal-'2-naphthylamine,  1.4  g  of  methyl  p-tolyl  ketone,  5  ml  of  alcohol,  and  0.5  g  of  2-naph¬ 
thylamine  hydrochloride.  We  obtained  1.6  g  (507o)  of  a  substance  with  m.p.  195*.  The  substance  was  poorly 
soluble  in  alcohol,  weakly  so  in  benzene. 
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Found  N  7.02,  7.24,  C26Hi8Q2f^.  Calculated  ‘J'o;  N  7.18. 

Picraic  ni.p.  275*  (decomposition). 

\ 

7.  Synthesis  of  2-(4-dimethyIanunophenyI)-4-(4“methylphenyl)-5,6-benzoquinoline  (XII).  From  2  g  of 
p-dimcthylaminobenzal“2-naphthyIaminc,  1.2  g  of  methyl  p-tolyl  ketone  Ln  the  presence  of  0.5  g  of  2-napthy- 
lamine  hydrochloride  we  obtained  0.9  gOO^o)  of  a  substance  with  m.p.  196*  from  alcohol.  The  substance  was 
poorly  soluble  in  alcohol,  easily  so  in  benzene  with  a  blue  fluorescence. 

Found  %  N  7.26,  7.02.  CagUziNi.  Calculated  %  N  7.22. 

Picrate  was  orange,  m.p.  232*  (decomposition):  hydrochloride  m.p.  235*  (decomposition). 

In  the  second  variant  the  synthesis  of  the  5,6-benzoquinoline  derivatives  was  carried  out  by  heating  the 
Schlff  bases  from  2-naphthylamine  with  methyl  p-tolyl  ketone  in  the  absence  of  a  solvent  and  by  heating  the 
reaction  mass  on  an  oil  bath  for  30  minutes  at  170-175*.  However,  In  the  second  variant,  the  yield  of  quino¬ 
line  bases  was  somewhat  lower,  and  the  reaction  products  were  much  less  pure;  therefore  we  recommend  the 
use  of  the  first  variant  In  the  synthesis  of  5,6-benzoqulnoline  derivatives. 

SUMMARY 

1.  We  have  studied  the  reaction  of  catalytic  condensation  of  methyl  p-tolyl  ketone  with  benzalaniline, 
benzal-m-toluidine,  benzal-p-toluidine,  bcnzal-p-anisidine,benzal-p-phenetidine,  benzal-m-nitroanillne, 
benzal-p-nitroaniline,  and  benzal-2-naphthylamine.  We  have  obtained  the  corresponding  6 -arylaminoketones. 

2.  We  have  studied  the  reaction  of  cataljtic  condensation  of  methyl  p-tolyl  ketone  with  benzal-2-naph- 
thylamine,  m-nitrobenzal-2-naphthylamine,  p-nitrobenzal-2-naphtIiylamine  and  with  p-dlemthylamlnobenzal- 
2-napthylamine.  We  have  synthesized  the  corresponding  derivatives  of  2-phenyl-5,6-benzoquinoline. 
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SYNTHESIS  OF  VINYL  MONOMERS. 

XI.  SYNTHESIS  OF  a  -  C  H  L  ORO  H  Y  D  RO  A  C  R  Y  L  A  T  E  S 
ANO  o-CHLOROACRYLATES 

A.  Ya.  Yakubovich,  N.  A.  Bogoslo  vskii ,  E.  P.  Pravova, 

I.  N.  Belyaeva,  and  V.  V.  Razumovskii 

Trarislatea  from  Zlmrnal  Obshchei  Khimii,  Vol.  30,  No.  8, 

pp.  2496-2193,  August,  19G0 

Original  article  submitted  July  31,  1959 

Derivatives  of  a-chlorohydracrylic  acid  are  little  known  and  most  of  the  information  about  them  is  in  the 
patent  literature  [Ij.  a-Chloro-8 -hydroxy-  propionic  acid  itself  was  described  earlier  [2]. 

Below  we  describe  the  synthesis  of  the  methyl  ester  of  a-chlorohydroacrylic  acid  and  the  nitrile  of  this 
acid  by  direct  treaimcnt  of  methyl  acrylate  and  acrylonitrile  with  hypochlorite.  Methyl  a -chlorohydraccylate 
easily  dehydrates  to  give  good  yields  of  methyl  a-chloroacrylate.  This  method  for  its  synthesis  has  some  ad¬ 
vantages  over  the  usual  syntliesis  from  methyl  a,8 -dichloropropionate.  Among  other  derivatives  of  a-chloro- 
acrylic  acid  we  have  synthesized  the  phenyl  ester  by  a  modified  method  of  Marvel  et  al.,  [3].  In  describing  this 
ester,  the  authors  give  for  it  np^°  1.5808.  However,  this  value  is  Incorrect.  We  have  found  a  value  of  nD*®  1.5325 
which  fits  well  into  the  series  of  values  for  the  refractive  indexes  of  a-haloacrylates  and  seems  to  us  more  correct. 

In  the  dehydration  of  our  clilorohydroxypropionitrile,  a-chloroacrylonitrile  Is  formed.  The  results  of  the 
dehydration  show  that  treatment  of  acrylates  with  hypochlorites  leads  to  formation  of  a-chlcKoliydracrylatcs  and 
not  the  isomeric  8 -chlorolactates. 

EX  PERIMENTAL 

«-Chloro-8  -hydroxypropionitrile.  We  dissolved  128  g  of  acrylonitrile  in  2  liters  of  water  at  16*  and  with 
stirring  introduced  chlorine  into  the  solution  at  a  rate  which  easily  exceeded  the  rate  of  its  absorption.  Wlien, 
after  24  hours,  the  rate  of  chlorine  absorption  decreased,  64  g  of  acrylonitrile  was  added  and  the  reaction  was  con¬ 
tinued  for  another  29  hours.  The  excess  of  dissolved  chlorine  was  removed  from  the  solution  by  bubbling  air  through 
it,  the  a-chloro-8 -hydroxypropionitrile  was  extracted  with  ether  (five  portions  of  200  ml)  which  was  dried  over 
anhydrous  sodium  sulfate  and  distilled  off.  Wc  obtained  133.5  g(38.5‘7o). 

B. p.  112"  (11  mm),  d/°  1.3028,  n^^®  1.4619,  MRq  22.35;Calc.  22.36. 

Found  %  C  34.45:  H  4.14;  Cl  33.71;  N  12.78.  C3H4ONCI.  Calculated  C  34.1;  H  3.1;  Cl  33.6;  N  13.3. 

a-Chloro-8  -acctoxypropionitrile.  A  mixture  of  5  g  of  <x-chloro-8  -hydroxypropionitrile,  8.25  g  of  acetic 
anhydride,  and  0.65  g  of  fused  sodium  acetate  was  heated  on  a  boiling  water  bath  for  two  hours.  After  cooling, 
the  reaction  mass  was  poured  into  15  ml  of  cold  water.  The  organic  layer  was  separated,  dried  with  anhydrous 
sodium  sulfate,  and  vacuum  distilled.  We  obtained  3.9  g(55.87‘’). 

B.p.  77.5-79*  (5  mm),  d^^®  1.2221,  n^^®  1.4391,  NiRp)  31.5;  Calc.  31.1. 

Found  7o:  Cl  23.90.  CsH^ONCl.  Calculated  7o:  Cl  24.1. 
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Methj'l  a-chloro-6  -hydroxypropionate.  After  24  hours  chlorination  of  a  solution  of  66  g  of  redistilled  me¬ 
thylacrylate  in  1.5  liters  of  water  under  the  conditions  described  in  experiment  1  and  analogous  treatments  of 
the  reaction  product,  we  obtained  25  g(23.5'7‘>)  of  substance. 

B.p.  106*  (20  mm),  d/®  1.3203,  nj^*®  1.4539,  MRp  28.75;  Calc.  28.15. 

Found  7c:  C  33.85;  H  3.91;  Cl  25.3.  C4H,CliCl.  Calculated  C  33.7;  H  5.0;  Cl  25.7. 

Methyl  g-chloroacrylate.  a)  To  a  mixture  of  5  g  of  sulfuric  acid  and  0.3  g  of  cuprous  chloride  heated  to 
125-130’  was  gradually  added  5  g  methyl  a-chloro-5 -hydroxypropionate,  upon  which  3.79  g  of  methyl  a-chloro- 
acrylate  distilled  off  and  was  dried  and  distilled.  We  obtained  3.2  g(747c)  of  pure  product. 

B.p.  57-60*  (55  mm),  n^*®  1.4420. 

Found  7o:  Cl  29.0.  C^HjOiCl.  Calculated  7>;  Cl  29.4. 

b)  To  a  mixture  of  2  g  of  phosphorus  pentoxide  and  0.2  g  of  cuprous  chloride  was  gradually  added  5  g  of 
methyl  a-chloro-8 -hydroxypropionate  by  drops,  and  then  the  mixture  was  heated  to  130-132*.  The  resulting 
a-chloroacrylatc  was  distilled;  it  was  dried  and  fractionated.  We  obtained  2.8  g(647«>). 

B.p.  57-60*  (55  mm),  np*®  1.4410. 

Found  %  Cl  28.85.  C4H50tCl.  Calculated  7c:  Cl  29.4. 

g-Chloroacrylonitrile,  A  mixture  of  15  g  of  a-chloro-8 -hydroxypropionitrile  and  3.8  g  of  sodium  acid 
sulfate  was  heated  to  boiling,  upon  which  2.2  g  of  a-chloroacrylonitrile  distilled  off;  it  was  dried  and  fractionated. 

B.p.  87-89*,  nj/®  1.4291,  d4”  1.1038,  MRq  20.40;  Calc.  20.27. 

According  to  [5]:  b.p.  86-87.5*,  r^)*®  1.4297. 

Phenyl  ct-chloroactylatc.  To  a  solution  of  54.5  g  of  phenyl-a,6 -dichloropropionate  In  100  ml  of  benzene 
was  added  a  solution  of  45  g  of  triethylamine  in  100  ml  of  benzene.  A  heavy  precipitate  of  tricthylamine  hy¬ 
drochloride  formed.  After  standing  two  days,  the  precipitate  was  filtered  off  (30.5  g).  From  the  filtrate  in  a 
vacuum  the  benzene  was  distilled  off,  and  the  excess  tricthylamine  and  residue  were  fractionated  in  the  presence 
of  phenyl -0 -naphthylamine.  After  iliree  fractionations  we  obtained  22  g  (497o). 

B.p.  94  -96*  (5  mm),  n^*®  1.5325,  d/®  1.2168;  MR^  46.61;  Calc.  46.22. 

According  to  [3]:  b.p.  91-93’  (8  mm),  n^*®  1.5808. 

Found  7o:  Cl  19.53.  CgHjOiCl.  Calculated  7®:  Cl  19.45. 

SU  MMARY 

Treatment  of  methyl  acrylate  and  acrylonitrile  with  hypochlorite  gives  the  methyl  ester  and  nitrile  of 
a-chlorohydracrylic  acid; some  of  its  derivatives  were  obtained,  and  we  have  also  described  the  synthesis  of 
methyl  a-chloroacrylate  by  dehydration  of  the  chlorohydracrylates. 
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We  have  previously  shown  [1 , 2]  that  thermal  splitting  of  tetraethyl  lead  in  the  liquid  phase  occurs  with 
ititcrinediatc  formation  of  less  ethylated  compounds,  hexaethyl  diplumbane  and  diethyl  lead. 


(Call.-.JJb-^  (C2n:.)clM)2->  (C2lIo)2Pb->I»b 

There  is  no  doubt  that  in  the  course  of  this  complex  process  there  occurs  repeated  homolytic  splitting  of 
the  o-bond.  Therefore,  for  setting  up  a  sufficiently  complete  and  arguable  scheme  of  the  splitting,  it  is  neces¬ 
sary  to  know  the  path  of  the  homolytic  splitting  of  tetraethyl  lead  and  the  intermediate  products  of  its  decom¬ 
position,  and  also  the  role  of  free  radicals  in  this  transformation.  From  this  point  of  view  it  is  certainly  of  in¬ 
terest  to  study  the  reaction  of  homolytic  splitting  of  hexaethyl  diplumbane  and  its  tin  analog,  hexaethyl  distan- 
nane. 


In  one  of  our  previous  studies  [3]  we  showed  that  Itexaethyl  distannane  reacts  smoothly  with  dibrornocthane 
with  formation  of  triethyl  tin  bromide  and  ethylene.  We  suggested  that  the  reagents  formed  a  transitional  cyclic 
complex  which  split  in  a  homopolar  manner. 


It  is  possible  to  assume  such  a  cyclic  complex  also  in  other  reactions  of  hexaethyl  distannane.  To  test 
this,  we  studied  the  reaction  of  hexaethyl  distannane  in  benzene  solution  with  compounds  which  c.''.sily  split  into 
radicals.  We  studied  benzoyl  peroxide  and  acetylbenzoyl  peroxide,  the  dinitrile  of  azoisobutyric  acid,  the  cyc- 
lohcxyl  ester  of  porcarbonic  acid,  nitrosoacctanilide,  and  lead  tetraacetate.  All  these  substances  except  the  dini¬ 
trile  of  azoisobutyric  acid  react  with  hexaethyl  distannane  at  room  temperature.  The  reaction  of  the  peroxides 
occurs  most  simply  of  all:  in  the  reaction  of  benzoyl  peroxide  with  hexaethyl  distannane,  triethyl  tin  benzoate 
is  formed;  with  acetylbenzoyl  peroxide,  the  result  is  a  mixture  of  triethyl  tin  benzoate  and  acetate.  Cyclohexyl 
pcrcarbonate  gave  triethylcyclohexyl  tin.  Since  these  peroxides  are  not  split  at  ordinary  temperature,  their  easy 
reaction  with  the  rather  stable  hexaethyl  distannane  can  be  explained  by  the  formation  of  an  unstable  interme¬ 
diate  cyclic  complex  with  the  following  structure: 

(CjHjljSn--  -4-  -SalCjHjl, 

6 

If  i 

CjHj  C 0  0  C  CgH  j  ^ 

0 
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or  another  with  a  four  or  eight  ineinbered  ting.  In  general  the  reaction  is  expressed  by  the  following  equations. 


(r2lU,.Sn,  -1-  (Qll5COO)2-^2(Coll5)3SnOGOC,n3  (1) 

(02115)0^112  ^-G«^5COOOCOCll3->(C2Il3)3SnOCOC«lI,-^-(C2^5).^SnOCOCll3  (II) 
(OjHsleSi'a  f  {OcH„OCOO)2 ->  2(02l!5)3SM0Cctl„  +  2CO2  (IN) 


As  a  side  reaction  in  (I)  and  (II)  was  found  diethyl  tin  dibenzoate,  probably  formed  by  a  disproportionation 
reaction.  Justas  simply,  but,  in  distinction  from  reactions  (I)-(IIU  practically  instantaneous, occurs  the  reaction 
of  hexaethyl  disiannane  with  lead  tetraacetate; 

(CjlUoSi'a  -I-  Pli(OCOCIf3l4  -H.  2(C2ll5)3SnOCOCll3  +  rb(OCOCIl3)2  (IV) 


Hexaethyl  diplumbane  reacts  in  a  similar  way  with  the  above  reagents.  For  example,  on  mixing  benzene 
solutions  of  lead  tetraacetate  and  hexaethyl  diplumbane,  triethyl  lead  acetate  is  rapidly  formed.  It  is  interest¬ 
ing  to  note  that  on  long  heating  of  hexaethyl  distannane  with  the  dinitrile  of  azoisobutyric  acid  in  benzene 
solution  there  is  splitting  of  the  latter  with  evolution  of  nitrogen  and  formation  of  the  dinitrile  of  tetramethyl 
succinic  acid.  The  cyanoisopropyl  radical  does  not  show  any  action  on  hexaethyl  distannane. 

Much  more  complex  is  the  reaction  of  hexaethyl  distannane  and  hexaethyl  diplumbane  with  nitrosoacetanl- 
lide  in  benzene.  In  spite  of  the  mild  conditions  of  running  the  reaction  (room  temperature),  there  is  strong  tar 
formation  in  both  cases.  The  sole  identified  reaction  products  are  triethyl  tin  acetate  and,  in  poorer  yield,  tri- 
ethyl  lead  acetate.  In  the  latter  case  there  is  formed  a  considerable  quantity  of  tetraethyl  lead,  evidently  by  a 
disproportionation  reaction.  Triethyl  phenyl  tin  or  triethyl  phenyl  lead  which  could  be  formed  as  a  result  of 
splitting  of  the  intermediate  cyclic  complex  (A)  are  not  found  in  the  reaction  products. 


(C{Hj)j  Sn  I — ^^1(02^5)3 

' 

CH,-C-0n^ 

II 


(A) 


In  all  the  cases  considered  above,  the  solvent  (benzene)  does  not  take  part  in  the  reaction. 

We  have  shown  that  when  benzene  is  replaced  by  carbon  tetrachloride,  the  solvent  is  no  longer  inert. 

Thus,  for  example,  in  the  reaction  of  hexaethyl  distannane  with  benzoyl  peroxide,  besides  the  normal  reaction 
product  ,  triethyl  tin  benzoate,  there  is  formed  a  considerable  amount  of  triethyl  tin  chloride.  It  is 

perfectly  clear  that  the  latter  can  be  obtained  only  from  the  CCI4.  However,  when  the  analogous  experiment 
is  run  with  acetylbenzoyl  peroxide,  only  the  usual  products  are  obtained,  triethyl  tin  acetate  and  benzoate.  The 
presence  of  triethyl  tin  chloride  in  this  case  is  established  only  by  the  characteristic  odor  of  the  latter.  The  parti¬ 
cipation  of  CCI4  in  these  reactions  may  be  explained  on  the  basis  of  two  assumptions:  1)  all  three  components 
react  simultaneously,  2)  two  substances  react  and  the  compound  formed  as  a  result  of  the  reaction  reacts  further 
with  the  third  component.  The  second  variant  seems  the  more  probable  to  us.  In  fact,  if  CCI4,  benzoyl  peroxide 
(or  acetylbenzoyl  peroxide),  and  hexacthyldistannane  reacted  directly,  there  should  be  a  definite  ratio  between 
the  triethyl  tin  benzoate  and  chloride.  However,  experiment  shows  that  in  the  case  of  benzoyl  peroxide  the 
yield  of  triethyl  tin  chloride  is  17.5%,  while  with  acetylbenzoyl  peroxide  only  traces  of  the  chloride  are  formed. 
Therefore  it  seems  more  likely  that  in  CCI4  there  are  two  parallel  and  independent  reactions.  On  the  one  hand, 
as  in  benzene  solution,  the  peroxide  reacts  with  hexaethyl  distannane.  However,  at  the  same  time  there  occurs 
chlorination  of  the  hexaethyl  distannane  by  carbon  tetrachloride,  initiated  by  the  peroxide. 

In  this  respect,  an  analogous  reaction  can  be  carried  out  in  die  chlorination  of  mercury  organic  compounds 
by  carbon  tetrachloride,  initiated  by  peroxides  [4'|.  The  possibility  of  the  appearance  of  free  radicals  in  these 
systems  can  be  confirmed  by  the  initiation  of  polymerization.  For  this  purpose  we  used  the  nitrile  of  acrylic  acid. 
If  to  a  solution  of  hexaethyl  distannane  in  acrylonitrile  we  add  a  solution  of  benzoyl  peroxide  in  CCI4,  formation 
of  the  polymer  is  rapid.  Under  the  same  conditions  in  a  mixture  of  benzoyl  peroxide,  carbon  tetrachloride  and 
acrylonitrile,  the  beginning  of  polymerization  can  be  established  only  after  3-4  hours.  Finally,  acrylonitrile  re¬ 
mains  practically  unchanged  in  the  presence  of  hexaethyl  distannane  and  CCI4. 


Thus,  the  suggestion  of  the  initiation  of  the  chlorination  reaction  because  of  the  presence  of  benzoyl  per¬ 
oxide  and  carbon  tetrachloride  in  tlie  mixture  seems  most  likely. 

The  reaction  of  hexaethyl  distannaiie  is  more  complex  with  nitrosoacetanilide  in  alkyl  halide  solutions. 

We  noted  above  tliat  in  the  reaction  of  nitrosoacetanilide  with  hexaethyl  distannane  in  benzene  we  could  not 
determine  the  fate  of  tire  phenyl  residue.  However,  in  carbon  tetrachloride  solution  the  reaction  of  these  rea¬ 
gents  leads  to  a  quantitative  yield  of  phenyl  diazonium  chloride.  Hence,  nitrosoacetanilide  in  this  case  reacts 
in  the  diazo  form  and  the  reaction  occurs  without  evolution  of  nitrogen  with  splitting  of  theN-O  bond.  Besides 
phenyl  diazonium  chloride  the  reaction  mixture  contains  triethyl  tin  acetate  and  chloride. 

It  is  known  that  hexaethyl  distannane  with  CCI4  at  room  temperature  does  not  react,  but  nitrosoacetanilide 
and  carbon  tetrachloride  react  with  formation  of  phenyl  diazonium  chloride  even  in  the  absence  of  hexaethyl 
distannane  [5].  It  is  therefore  natural  to  assume  that  the  formation  of  triethyl  tin  chloride  is  initiated  by  the 
reaction  of  nitrosoacetanilide  with  carbon  tetrachloride. 

Tliis  effect  evidently  has  a  general  character,  since  in  solutions  in  other  alkyl  halides  the  formation  of 
triethyl  tin  halide  occurs.  The  fact  that  in  running  the  reaction  in  methyl  chloride  or  ethyl  bromide  there  is  no 
formation  of  the  phenyl  diazonium  chloride  or  bromide  can  be  explained  by  the  greater  solubility  and  hence 
lower  stability  of  these  compounds  in  these  alkyl  halides  as  compared  to  CCI4. 

The  duration  of  the  reaction  can  also  act  on  the  yield  of  phenyldiazoniurn  chloride.  In  fact,  we  have  al¬ 
ready  noted  that  there  are  indications  in  the  literature  of  obtaining  phenyl  diazonium  chloride  in  the  reaction 
of  nitrosoacetanilide  and  CCI4  [5],  Along  this  line.  Waters  [6],  repeating  this  reaction,  could  not  establish  the 
occurrence  of  these  products.  Moreover,  studying  the  splitting  of  nitrosoacetanilide  in  a  number  of  alkyl  halides 
(especially  in  ethyl  bromide)  the  author  concluded  that  decomposition  was  accompanied  by  evolution  of  nitro¬ 
gen  and  the  formation  of  phenyl  radicals  wliich  broke  off  halogen  atoms  from  the  solvent.  It  is  known,  however, 
that  plicnyl  radicals  which  arise  from  the  photochemical  splitting  of  metalloorganlc  compounds  or  in  the  course 
of  the  breakdown  of  benzoyl  peroxide  by  reaction  with  alkyl  halides  split  off  hydrogen  and  not  halogen  atoms. 
Repeating  the  experiments  of  Waters  with  ethyl  bromide,  but  shortening  the  length  of  tlic  reaction  to  one  day, 
we  succeeded  in  isolating  phenyl  diazonium  bromide  with  a  yield  of  up  to  \3°lo. 

Analogous  results  were  obtained  with  the  decomposition  of  nitrosoacetanilide  in  methyl  chloroacetate  and 
benzyl  chloride.  Also,  in  all  cases  we  found  acetic  acid  and  a  small  amount  of  biphenyl  in  the  reaction  products. 
Dimethyl  succinate  or  dibenzyl, which  could  have  been  obtained  by  dimerization  of  the  residues  after  removal 
of  chlorine  from  ClCH2COC)CH3  or  from  CeHgCHjCl.wcre  not  found  in  the  reaction  products. 

Thus,  the  occurrence  of  halogenated  benzene  in  the  experiments  of  Waters  is  evidently  more  correctly 
explained  not  by  the  appearance  in  the  reaction  mixture  of  kinctically  independent  phenyl  radicals,  but  by  the 
originally  formed  phenyl  diazonium  halidewith  its  later  decomposition  into  nitrogen  and  benzene  halide. 

The  reactions  of  nitrosoacetanilide  required  further  work  for  their  explanation. 

EX  PERIMEN.TAL 

All  the  experiments  with  hexaethyl  diplumbane  and  hexaethyl  distannane  were  carried  out  in  a  stream  of 
purified,  dry  hydrogen  or  in  sealed  evacuated  ampules.  In  the  latter  case  in  an  apparatus  which  consisted  of  two 
ampules  sealed  in  the  form  of  the  letter  H  were  placed  the  starting  substances.  The  contents  of  the  ampules  were 
twice  frozen  and  melted  in  a  vacuum  to  remove  oxygen  of  the  air,  after  which  the  ampules  were  scaled  and  the 
components  of  the  reaction  were  mixed. 

Reaction  of  benzoyl  peroxide  with  hexaethyl  distannane  in  benzene.  To  a  solution  of  4.12  g  (0.01  mole) 
of  hexaethyl  distannane  in  15  ml  of  dry  benzene  was  added  a  solution  of  2.42  g  (0.01  mole)  of  benzoyl  peroxide 
in  30  ml  of  benzene.  The  mixture  stood  for  three  days  at  room  temperature  in  the  dark,  after  which  it  was  frac¬ 
tionated  in  a  vacuum.  We  obtained  4.75  gilSA'^o)  of  triethyl  tin  benzoate.  B.p.  120-128*  (1  mm),  m.p.  78-79* 
(from  ligroin).  According  to  [7]:  b.p.  124*  at  1  mm,  m.p.  80*.  A  mixed  sample  with  pure  triethyl  tin  benzoate 
gave  no  melting  point  depression. 

From  the  residue  after  distillation  of  the  triethyl  tin  benzoate  two  crystallizations  from  hexane  separated 
0.65  g  of  substances  with  m.p.  208-209".  A  mixed  melting  point  with  diethyl  tin  dibenzoate  obtained  by  a  dif¬ 
ferent  synthesis  gave  no  depression.  The  yield  of  diethyl  tin  dibenzoate  (on  the  tin)  was  7.1*70. 
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Reaction  of  benzoyl  peroxide  with  hcxaethyl  distannanc  in  CCI4.  Solutions  of  2.00  g  (0.00485  mole)  of 
hexaethyl  distannane  in  15  ml  of  CCI4  and  1.18  g  (0.00487  mole)  of  benzoyl  peroxide  in  40  ml  of  carbon  te¬ 
trachloride  were  mixed  in  the  absence  of  atmospheric  oxygen  and  allowed  to  stand  at  room  temperature  in  the 
dark  for  two  days:  CCI4  was  distilled  off  at  diminished  pressure.  From  the  residue  we  filtered  off  0.52  g  (44.1'7o) 
of  unreacted  benzoyl  peroxide. 

The  mother  liquor  was  fractionated  in  a  vacuum.  We  isolated  0.41  g  of  triethyl  tin  chloride.  Yield  (on 
the  tin)  b.p.  100-103*  (15  mm),  riD*®  1.5063.  According  to  [8,  9]  b.p.  100-101*  at  16  mm,  nD*”  1.5055. 

We  also  obtained  1.15  g(30.27o)  of  triethyl  tin  benzoate.  B.p.  128-130*  (1.5  mm),  m.p.  80*,  which  agreed 
with  the  literature  [7]. 

From  the  residue  not  fractionated  in  a  vacuum  we  isolated  0.33  g  (8.57o  on  the  tin)  of  diethyl  tin  dibenzoate. 
M.p.  209-210*  (from  acetone).  A  mixed  sample  with  a  commercial  preparation  of  diethyl  tin  dibenzoate  gave 
no  melting  point  depression. 

Reaction  of  acetylbcnzoyl  peroxide  with  hexaethyl  distannane  in  CCI4.  By  the  method  described  above, 
from  3.18  (0.0077  mole)  of  hexaethyl  distannane  and  0.7  g  (0.0039  mole)  of  acetylbcnzoyl  peroxide  in  CCI4 
(40  ml)  we  obtained  0.88  g  (21.47o  on  the  tin)  of  tricthyl  tin  acetate.  M.p.  133-134*  (from  hexane).  A  mixed 
sample  with  the  pure  substance  [10]  gave  no  melting  point  depression. 

We  also  isolated  1.00  gdO.BTi)  of  triethyl  tin  benzoate,  m.p.  80*  which  agreed  with  the  literature  [7]. 
Recrystallization  of  the  residue  from  acetone  gave  0.78  g  (12.67o  on  the  tin  )  of  diethyl  tih  dibenzoate.  M.p. 
213-214*.  A  mixed  sample  with  pure  substance  obtained  by  a  different  synthesis  gave  no  depression.  The  reac¬ 
tion  mixture  had  a  strong  characteristic  odor  of  triethyl  tin  chloride,  which  showed  the  presence  of  traces  of  this 
in  the  reaction  product. 

Reaction  of  benzoyl  peroxide  with  hexaethyl  distannanc  in  CCI4  in  the  presence  of  acrylonitrile.  To  a 
mixture  of  1.38  g  (0.00335  mole)  of  hexaethyl  distannane  with  5  ml  of  freshly  distilled,  inhibitor-free  acrylo¬ 
nitrile  at  room  temperature  in  the  dark  was  added  a  solution  of  0.41  g  (0.0017  mole)  of  benzoyl  peroxide  in  5  ml 
of  CCI4.  Polymerization  of  the  acrylonitrile  began  rapidly. 

Under  the  same  conditions  in  a  mixture  of  0.41  g  of  benzoyl  peroxide,  5  ml  of  CCI4,  and  5  ml  of  acrylo¬ 
nitrile,  and  also  in  a  mixture  of  0.41  g  of  benzoyl  peroxide,  5  ml  of  benzene,  and  5  ml  of  acrylonitrile,  traces 
of  polymer  were  observed  only  after  3-4  hours.  A  mixture  of  1.11  g  of  hexaethyl  distannane,  5  ml  of  CCI4  and 
5  ml  of  acrylonitrile  did  not  change  in  the  course  of  two  days. 

Reaction  of  hexaethyl  distannanc  with  lead  tetraacetate.  A  solution  of  1.11  g  (0.0025  mole)  of  lead  tetra¬ 
acetate  in  25  ml  of  dry  benzene  was  added  to  1.03  g  (0.0025  mole)  of  hexaethyl  distannane.  A  curdy  precipitate 
slowly  formed  which  contained  lead  acetate  and  triethyl  tin  acetate.  The  reaction  mass  was  heated  to  boiling 
and  filtered.  From  the  filtrate  on  cooling  there  crystallized  0.84  g  (63.67o)  of  tricthyl  tin  acetate.  M.p.  133- 
134"  (from  benzene).  A  mixed  sample  with  pure  triethyl  tin  acetate  gave  no  melting  point  depression.  From 
the  precipitate  which  was  insoluble  in  boiling  benzene  we  extracted  lead  acetate  with  hot  water.  The  water 
extract  was  treated  with  NajS04.  We  collected  0.32  g. 

Reaction  of  hexaethyl  diplumbane  with  lead  tetraacetate.  By  a  method  analogous  to  that  described  above, 
from  2.2  g  of  lead  tetraacetate  (0.005  mole)  and  2.93  g  of  hexaethyl  diplumbane  (0.005  mole)  in  30  ml  of  dry 
benzene  we  obtained  0.87  g  (49.37o)  of  triethyl  lead  acetate.  M.p.  158-159"  (decomposition,  from  benzene). 

The  literature  [11]  gives  m.p.  160.4*.  A  mixed  sample  witli  pure  tricthyl  lead  acetate  gave  no  melting  point 
depression.  From  the  residue,  insoluble  in  the  boiling  reaction  mixture,  hot  water  extracted  lead  acetate.  In 
the  usual  way  we  secured  0.5  g  (33.07o)  of  PbS04. 

Decomposition  of  the  dinitrile  of  azoisobutyric  acid  in  the  presence  of  hexaethyl  distannane.  Equimolccular 
amounts  of  hexaethyl  distannanc  (4.12  g)  and  the  dinitrile  of  azoisobutyric  acid  (1.6-1  g)  were  dissolved  in  25  ml 
of  dry  benzene.  The  mixture  was  boiled  for  twelve  hours,  after  which  the  benzene  w'as  distilled  off.  Vacuum 
distillation  gave  from  the  residue  3.1  g(75.37>j)  of  unchanged  hexaethyl  distannane.  B.p.  137-139*  (9  mm), 
nD^®  1.5407. 

The  residue  in  the  Claisen  flask  was  twice  recrystallized  from  alcohol.  We  obtained  1.1  g  (80.07o)  of  the 
dinitrile  of  tetramethyl  succinic  acid.  M.p.  169*.  According  to  [12].m.p.  166-168*.  A  mixed  sample  with  the 
pure  dinitrile  of  tetramethyl  succinic  acid  gave  no  melting  point  depression. 
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Ivcactioii  of  dicyclolicxyl  pcrcarbonatc  with  hexacihyl  distannarie.  One  g  of  dicyclohexyl  pcrcarbonate  I 

(0.003r'  inole)^  v/as  mixed  with  a  solution  of  1.36  g  (0.0035  mole)  of  hcxacthyl  distannane  in  15  ml  of  dry  ben-  1 
zciir  and  ilie  mixture  was  kept  at  room  temperature  for  two  days.  Fractionation  in  a  vacuum  gave  1.G2  g(75.97o) 
of  triethylcyclohexyloxy  tin.  B.p.  120-124*  (5  mm),  nD^®  1.4923. 

Found  'lo:  Sn  39.43,  39.51.  Ci2H260Sn.  Calculated  ‘lo-.  Sri  38.91. 

Preparation  of  triethylcyclohexyloxy  tin.  To  the  alcoholate  of  cyclohexanol  obtained  on  solution  of  1.15  g 
(0.05  g  atom)  of  sodium  in  30  ml  of  anliydrous  cyclohexanol  was  added  with  stirring  a  solution  of  12.05  g(0.05 
ir.ole)  of  triethyl  tin  chloride  in  50  ml  of  dry  ether.  The  mixture  was  boiled  0.5  hour  and  allowed  to  stand  over 
night.  Without  separ  ating  the  NaCl  the  mixture  was  transferred  to  a  ClaLsen  flask  and  fractionated  in  a  vacuum. 

Wc  obtained  5.50  g  (36.07o)  of  triethylcyclohexyloxy  tin.  B.p.  121-123*  (5  mm),  nD^®  1.4903. 

Found  7o:  Sn  39.11,  39.27.  CizllzoOSn.  Calculated  Sn  38.91. 

Reaction  of  nitrosoacetanilide  with  hcxacthyl  distannane  in  benzene.  To  a  solution  of  8.66  g  (0.022  mole) 
of  hcxacthyl  distannane  in  25  ml  of  dry  benzene  with  stirring  and  ice  cooling  in  a  stream  of  hydrogen  we  added 
during  0.5  hour  3.47  g  (0.021  mole)  of  nitrosoacetanilide.  The  mixture  was  stirred  for  three  hours  with  cooling 
by  ice  water,  tlicn  left  over  night  at  room  temperature.  During  the  reaction  the  mixture  took  on  a  cherry  color 
and  a  crystalline  precipitate  formed.  The  benzene  was  distilled  off  in  a  vacuum.  Ten  ml  of  hexane  was  added 
to  the  residue.  Wc  obtained  4.79  g  (43.27o  based  on  the  tin)  of  tricthyl  tin  acetate;  m.p.  130-131"  (from  hexane), 
which  agreed  with  the  literature  data  [10].  A  mixed  sample  with  a  commercial  form  of  tricthyl  tin  acetate  gave 
no  melting  point  depression. 

The  mother  liquor  after  separation  of  the  triethyl  tin  acetate  was  fractionated  in  a  vacuum.  We  could 
not  isolate  triethyl  phenyl  tin  or  any  other  individual  compounds. 

Reaction  of  hcxactliyl  diplumbanc  with  nitrosoacetanilide.  To  a  solution  of  8.40  g  (0.014  mole)  of  hexa- 
elhyl  dipluml)ane  in  60  ml  of  dry  benzene  in  a  stream  of  hydrogen  wc  added  with  stirring  and  ice  cooling  during 
one  hour  2.34  g  (0.014  mole)  of  nitrosoacetanilide.  The  mixture  was  further  cooled  for  seven  hours  and  left  at 
room  temperature  over  night.  The  crystalline  precipitate  was  filtered  off  and  washed  with  ligroin.  We  obtained 
2.22  g  (21.770  on  the  lead)  of  tricthyl  lead  acetate.  M.p.  159-160’  (from  benzene).  According  to  [11]#  m.p. 

160.4*.  The  residue  after  separationof the  tricthyl  lead  acetate  was  steam  distilled.  The  distillate  was  extracted 
with  ether.  In  the  usual  way  we  isolated  from  the  extract  1.6  g  (17.37o  on  the  lead)  of  tetraethyl  lead,  b.p.  78-81* 
(12  mm).  It  was  identified  in  the  form  of  the  monochloroacetate.  M.p.  142-143*  without  depression  of  the  melt¬ 
ing  point  when  mixed  with  the  pure  product.  As  in  the  previous  experiment,  the  chief  reaction  product  was  a 
tarry  residue  from  wliich  individual  substances  could  not  be  isolated. 

Reaction  of  nitrosoacetanilide  with  hcxacthyl  distannane  in  CCi4.  To  a  solution  of  2.84  g  (0.007  mole) 
of  hcxactliyl  distannane  in  25  ml  of  CClj  was  added  with  water  cooling  and  stirring  1.20  g  (0.007  mole)  of  nitro- 
soacctanilide.  After  twelve  hours  we  filtered  1.00  g  of  a  crystalline  product  from  the  reaction  mixture;  it  was 
not  soluble  in  boiling  hexane,  ether,  or  acetone.  The  substance  exploded  without  melting.  It  was  easily  soluble 
in  water.  The  water  solution  decomposed  with  evolution  of  nitrogen.  At  the  end  of  the  decomposition  the  solu¬ 
tion  gave  a  positive  reaction  for  phenol  (tribromide,  m.p.  96*)  and  the  chloride  ion.  Judging  by  its  properties 
the  crystalline  product  is  phenyl  diazonium  chloride.  Yield  quantitative. 

The  reaction  mixture  after  separation  of  the  phenyl  diazonium  chloride  was  evaporated.  We  separated 
0.3  g  (8.27o)  of  tricthyl  tin  acetate,  m.p.  133*  (twice  from  hexane).  A  mixed  sample  with  the  pure  substance 
gave  no  melting  point  depression. 

Distillation  of  the  residue  in  a  vacuum  gave  a  fraction  with  b.p.  84-10-1*  (15  mm).  Yield  1.65  g.  The 
fraction  was  a  complex  mixture  which  contained  especially  tricthyl  tin  acetate  and  chloride.  The  fraction  was 
dissolved  in  ether  and  repeatedly  shaken  with  a  207<’  KOH  solution  which  did  not  contain  chloride  ions.  The  al¬ 
kaline  extract  was  evaporated  and  acidified  (to  Congo)  with  sulfuric  acid  free  from  chloride  ions.  Then  the  solu¬ 
tion  was  carefully  extracted  with  ether.  After  drying,  the  ether  was  distilled  off  with  a  fractionating  column, 
the  residue  was  dissolved  in  water  and  analyzed  by  titration  for  content  of  acetic  acid.  We  found  the  presence 
of  0.16  g  of  Cn3COOH.  llence  the  fraction  contained  0.72  g  of  tricthyl  tin  acetate.  The  total  yield  of  product 
(on  the  tin)  was  28.37o.  The  acid  solution  after  extraction  with  ether  was  analyzed  for  chloride  ion  in  the  usual 
way.  We  collected  0.36  g  of  AgCl.  The  yield  of  triethyl  tin  chloride  (on  the  tin)  was  18.57o. 
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Reaction  of  niirosoacetanilide  with  hexaethyl  distannane  in  methylene  chloride.  We  added  1.64  g(0.01 
mole)  of  nitrosoacetanilide  to  a  cooled,  stirred  solution  of  4.12  g  (0.01  mole)  of  hexaethyl  distannane  in  25  ml 
of  GHjClj.  The  mixture  was  kept  at  room  temperature  for  a  day.  We  did  not  observe  a  marked  amount  of  phenyl 
diazonium  chloride.  The  mixture  was  evaporated,  the  crystalline  product  was  filtered  and  recrystallized  from 
hexane.  We  obtained  1.35  g  (25.57o  on  the  tin)  of  tricthyl  tin  acetate.  M.p.  130-131*.  which  agrees  with  the 
literature  [10]. 

Fractionation  of  the  residue  in  a  vacuum  gave  2.32  g  of  a  mixture  which  contained  trictliyl  tin  chloride 
and  acetate.  B.p.  99-108*  (16  mm). 

Reaction  of  nitrosoacetanilide  with  hexaethyl  distannane  in  ethyl  bromide.  Under  the  conditions  of  the  pre¬ 
ceding  experiment,  from  1.64  g  (0.01  mole)  of  nitrosoacetanilide  and  4.12  g  (0.01  mole)  of  hexaethyl  distannane 
dissolved  in  25  ml  of  ethyl  bromide  we  obtained  2.7  g  (SO’/o  on  the  tin)  of  triethyl  tin  acetate.  M.p.  130*  (from 
hexane).  A  mixed  sample  with  pure  substance  gave  no  melting  point  depression.  Fractionation  of  the  residue 
in  a  vacuum  gave  1.35  g  (23.570)  of  triethyl  tin  bromide.  B.p.  104-108*  (15  mm),  nD*®  1.5263.  According  to 
the  literature  [13],  b.p.  105-107*  (15  mm),  nD*®  1.5240. 

Phenyl  diazonium  bromide  and  triethylphenyl  tin  were  not  found  in  the  reaction  products. 

Decomposition  of  nitrosoacetanilide  in  ethyl  bromide.  In  25  ml  of  ice  cooled  ethyl  bromide  we  dissolved 
5.0  g  (0.031  mole)  of  nitrosoacetanilide.  After  four  hours  the  ice  bath  was  removed  and  the  mixture  was  kept 
at  room  temperature  for  18  hours.  The  crystalline  precipitate  of  phenyl  diazonium  bromide  was  filtered  off  and 
carefully  washed  with  ether.  We  collected  0.76  g  (13.37o)  of  the  substance. 

This  product  dissolved  in  water  with  evolution  of  nitrogen.  The  water  solution  gave  a  positive  test  for 
bromide  ion  and  phenol.  Tribromophenol,  m.p.  96*  (from  benzene).  A  mixed  sample  with  pure  substance  gave 
no  melting  point  depression. 

The  reaction  mixture  after  removal  of  the  phenyl  diazonium  bromide  was  fractionated.  The  fraction  with 
b.p.  38-134*  was  extracted  with  water.  The  extract  was  analyzed  by  titration  for  content  of  acetic  acid.  We 
showed  the  presence  of  0.013  mole  of  CH3COOH.  The  tarry  residue  (1.74  g)  was  steam  distilled.  We  obtained 
0.5  g  of  a  product  with  m.p.  68-70*.  A  mixed  sample  with  pure  biphenyl  showed  no  melting  point  depression. 

Reaction  of  nitrosoacetanilide  with  methyl  chloroacetate.  Five  g  (0.031  mole)  of  nitrosoacetanilide  was 
dissolved  in  25  ml  of  CICH2COOCH3  cooled  with  ice.  After  13  hours  we  filtered  off  0.7  g  (12.47o)  of  phenyl 
diazonium  chloride.  The  filtrate  was  fractionated.  We  showed  in  the  usual  way  the  formation  of  53.47«>  of 
tlie  theoretical  amount  of  acetic  acid.  We  separated  from  the  abundant  tarry  residue  by  steam  distillation  0.06 
g  of  biphenyl.  M.p.  69-70*.  A  mixed  sample  gave  no  melting  point  depression.  Dimethyl  esters  of  succinic 
or  fumaric  acids  were  not  found  among  the  reaction  products.  The  yield  of  phenyl  diazonium  chloride  became 
minimal  (trace)  if  in  the  course  of  a  day  in  25  ml  of  ice  cooled  CICH2COOCU3  was  dissolved  10.8  g  of  nitroso- 
acctanilidc  and  the  mixture  was  kept  at  room  temperature  for  two  days. 

Decomposition  of  nitrosoacetanilide  in  benzyl  chloride.  In  25  ml  of  benzyl  chloride  with  ice  codling  we 
dissolved  11.55  g  (0.07  mole)  of  nitrosoacetanilide  in  the  course  of  day.  After  12  hours  we  filtered  off  1.6  g 
(12.27')  of  phenyl  diazonium  chloride.  The  filtrate  was  fractionated.  We  isolated  1.7  g  (40.l7o)  of  acetic  acid; 
b.p.  117-121’,  nD*®  1.375-4.  From  tire  tarry  residue  steam  distillation  gave  0.1  g  of  biphenyl.  M.p.  70*.  A  mixed 
sample  with  pure  substance  gave  no  melting  point  depression.  No  dibenzyl  or  stilbene  were  found  among  the 
reaction  products. 


SUMMARY 

1.  Hexaethyl  distannane  and  hexaethyl  diplumbane  are  split  homolytically  at  the  metal -metal  bond  in 
benzene  solution  at  ordinary  temperature  when  unstable  organic  compounds  act  on  them:  benzoyl  and  acetyl- 
benzoyl  peroxides,  cyclohexyl  percarbonate,  nitrosoacetanilide,  and  lead  tetraacetate.  The  cyanoisopropyl 
radical  which  is  formed  in  the  splitting  of  the  dinitrile  of  azoisobutyric  acid  shows  no  analogous  action.  It  is 
suggested  that  the  reaction  occurs  with  intermediate  formation  of  cyclic  complexes  which  are  split  homolyti¬ 
cally. 
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2.  V/e  have  shown  that  In  the  reaction  of  hexaethyl  dlstannanc  with  the  compounds  mentioned  above 
in  carbon  tetrachloride  solution  the  solvent  shares  in  the  reaction  so  that  triethyl  tin  chloride  Is  formed.  The 
appearance  of  this  product  along  witli  the  ordinary  reaction  products  is  initiated  by  the  reaction  of  CCI4  with 
unstable  compounds.  The  formation  of  free  radicals  is  confirmed  by  the  initiation  of  a  polymerization  reaction 
for  acrylonitrile. 

3.  Nitrosoacctanilide  at  ordinary  temperatures  reacts  with  carbon  tetrachloride,  ethyl  bromide,  benzyl 
chloride,  and  methyl  chloroacciate  with  formation  of  phenyl  diazonium  chloride  and  bromide,  acetic  acid, 
and  traces  of  biphenyl. 
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It  has  recently  been  shown  [1]  that  in  the  hydrochlorination  of  adiponitrile  the  first  two  molecules  of  hy¬ 
drogen  chloride  are  selectively  added  to  one  nitrile  group.  The  resulting  compound  is  evidently  6  -cyanovaleric 
acid  iminochloride  hydrochloride.  In  continuation  of  the  hydrochlorination  there  is  formed  the  adipic  acid  di- 
iminochloride  dihydrochloride.  From  both  iminochloride  hydrochlorides  by  treatment  with  water  or  alcohol  there 
are  obtained  almost  quantitative  yields  of  the  corresponding  hydrochlorides  of  the  amides  or  iminoesters  [1, 2]. 

It  was  also  found  that  adiponitrile  forms  a  very  stable  molecular  compound  with  6  -cyanovaleric  acid  amide  and 
iminocstcr  hydrochlorides. 

Hydrogenation  of  adiponitrile  in  the  presence  of  skeletal  nickel  as  a  catalyst  gives  a  high  yield  of  c-amino- 
caproiiittilc  [3],  In  arnidoximation  [4]  of  adiponitrile  under  definite  conditions  only  one  functional  group  reacts, 
and  the  second  functional  group  reacts  with  hydroxylamine  only  at  higher  temperature.  In  the  case  of  amidoxi- 
mation  of  scbacic  nitrile  conditions  could  not  be  found  in  which  one  nitrile  group  would  react  selectively. 

In  order  to  obtain  new  data  needed  to  explain  the  nature  of  the  selective  reactivity  of  one  nitrile  group 
in  adiponitrile  we  studied  the  reaction  with  hydrogen  chloride  and  water  of  other  dinitriles  of  the  same  homologous 
series:  glutaronitrilc,  pimelonitrile,  azelaonitrile,  and  sebaconitrile.  At  the  same  time  we  have  tried  to  work  out 
suitable  preparative  methods  for  obtaining  and  isolating  from  the  reaction  mixtures  the  diiminohydrins  and  amides 
of  dicarboxylic  and  u;-cyanocarboxylic  acids. 

In  order  to  obtain  these  compounds,  the  dinitrilcs,  dissolved  in  ether,  were  treated  with  hydrogen  chloride. 
To  the  homogeneous  solution  of  the  hydrochlorination  products  (I,  II)  we  added  water  calculated  at  1  mole  per 
2  moles  HCl,  as  a  result  of  which  the  iminohydrin  hydrochlorides  (III  and  IV)  precipitated,  and  were  hydrolyzed 
by  excess  water  into  the  corresponding  amides  of  u-cyanocarboxylic  acids  (V)  and  diamides  (VI)  [1,  5]. 
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Reactions  of  Diiiitriles  with  Hydrogen  Chloride  and  Water  (0.05  mole  of  dinitrile  in  20 
nil  of  ether) 


6 

z'. 

o. 

x 

U) 

llydrod 

gen 

S  tar tingdi  nitrile 

iridc(in 

jmoles) 

Duration 

Water  kcrystal- 

[in  moles)  j*^'*^**^*^ 

[in  days)  | 

Obtained  on  hydrolysis 

nitrile  amides  ( V)( 

diainides  (VI) 

( 

(i»C) 

(in  "/oof  theo¬ 
ry  on  dini¬ 
trile) 

( 

(ing) 

[in  "/o  of  thee 
ry  on  dini- 
trile) 

1 

Glutaronitrile 

0.2 

0.1 

3 

6.2 

97 

2 

The  same 

0.1 

0.0.5 

2 

2.G 

4().5 

2.0 

31 

3 

<U  '5 

0.02') 

12 

Trace 

— 

Trace 

— 

4 

1  IMmclonitrile 

0.2 

0.1 

0 

— 

— 

7.6 

96..5 

5  1 

The  'aine 

0.1 

0.05 

j  8 

.3.3 

47 

2.2 

28 

G 

» 

0.0.') 

0.025 

12 

l.G 

23 

0.4 

.) 

7 

Azclaonitrile 

0.2 

0.1 

5 

— 

— 

9.0 

97 

8 

The  same 

O.l 

0.05 

7 

3.9 

4G.5 

2  8 

.30 

9 

*> 

0.0.') 

0.025 

10 

2.3 

27 

0.6 

6 

id 

Sebaconitrile 

0.2 

0.1 

5 

— 

— 

9.8 

98 

n 

The  same 

0.1.') 

0.075 

7 

2.9 

32 

5.3 

53 

12 

0.1 

0.05 

G 

4.0 

44 

2.5 

2.5 

13 

>) 

U.07.‘) 

0.037 

7 

2.0 

23 

0.7 

7 

14 

>> 

0.0.') 

0.025 

8 

2.2 

2'i 

0.6 

6 

As  the  data  in  the  table  show,  at  mole  ratios  between  dinitrile,  hydrogen  chloride,  and  water  of  1:4:2 
(experiments  1, 4,  7,  and  10)  in  all  cases  with  comparative  ease  and  almost  quantitative  yields  we  obtained 
diimino  hydrochlorides  (IV)  and  diamides  (VI).  In  order  to  hasten  considerably  the  formation  of  substance 
(IV)  we  could  use  a  stoichiometric  excess  of  HCl  (see  experimental  part).  At  ratios  between  the  starting  com¬ 
ponents  of  1:2:1  (experiments  2,  5,  G,  and  12),  that  is,  under  conditions  in  which  adiponitrile  is  quantitatively 
converted  into  6  -cyanovaleric  iminohydrin  hydrochloride  (Illb),  we  obtained  mixtures  of  chlorides  (III)  and  (IV). 
Under  tlicsc  conditions  we  found  the  maximum  absolute  yield  of  nitrile  amides  (Va,  c-e)  in  experiments  11-14. 
Experiments  3,  6,  9,  and  14  showed  that  y -cyanobntyric  iminohydrin  hydrochloride  (Ilia),  c -cyanocaproic  deri¬ 
vative  (IIIc),  ci^-cyanocaprylic  derivative  (Illd),  and  uj-cyanopelargonic  derivative  (IIIc),  in  distinction  from 
(mb)  do  not  form  solid  molecular  compounds  with  the  corresponding  dinitriles. 


Thus  the  selective  reactivity  of  one  nitrile  group  is  absent  in  dinitriles  with  a  longer  or  shorter  carbon 
chain  than  in  adiponitrile.  In  the  homologous  series  of  aliphatic  dinitrilcs,  this  effect,  whose  cause  is  still 
unclear,  is  specific  for  adiponitrile.  If  the  specific  reactivity  of  adiponitrile  were  dependent  on  any  intermole - 
cular  reaction,  then  the  outer  dinitrilcs  should  react  like  adiponitrile.  Therefore  we  can  assume  that  the  selec¬ 
tive  reactivity  is  connected  with  the  nonlinear  structure  of  adiponitrile  and  6 -cyanovaleric  iminochlcridc  hydro¬ 
chloride  (Ib),  with  the  formation  of  an  unstable  ring  due  to  reaction  of  the  nitrile  nitrogen  with  the  methylene 
group  in  the  a-position  with  respect  to  the  second  functional  group.  The  formation  of  an  analogous  six-membered 
ring  by  the  molecule  of  glutaronitrile  is  excluded  since  in  this  case  the  a-hydrogen  atom  is  not  sterically  avail¬ 
able  for  the  nitrogen  atom  of  the  other  nitrile  group.  In  the  case  of  pimelonitrile,  evidently  because  in  eight- 
membered  and  similar  rings  there  must  be  a  considerable  number  of  energetically  unfavorable  conformations, 
there  must  occur  relatively  large  torsional  forces  (Pitzer  forces)  [6]. 

We  should  remember  that  a  position  in  some  degree  analogous  to  that  occupied  by  adiponitrile  in  the 
series  of  aliphatic  dinitrilcs  is  held  by  adipic  aldehyde  in  the  scries  of  aliphatic  dialdehydcs.  Adipic  aldehyde 
more  easily  than  the  other  aldehydes  undergoes  intramolecular  aldol  condensation.  Among  the  dialdehydes  glu- 
taric  and  succinic  aldehydes, because  of  the  absence  of  the  corresponding  steric  factors, do  not  undergo  this  reac¬ 
tion  at  all. 


EXPERIMENTAL 


Starting  products,  for  the  preparation  of  glutaronitrile  we  started  from  1,3-dibromopropane  [8].  We  placed 
150  g  of  allyl  bromide  in  a  quartz  reactor  fitted  with  a  reflux  condenser  and  saturated  it  with  hydrogen  bromide 
at  35-40*.  The  reactor  was  irradiated  with  a  mercury-quartz  lamp  r'RK-2  at  a  distance  of  20  cm.  After  four 
hours  the  weight  of  the  reaction  mass  had  increased  to  242  g,  after  which  the  resulting  product  was  neutralized 
with  S'll'o  soda  solution,  washed  with  water,  dried  over  sodium  sulfate,  and  vacuum  distilled.  We  obtained  168  g 
(67‘7*j)  of  1,3-dibromopropane,  b.p.  76-76.5*  (50  mm). 
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We  placed  137  g  of  1 ,3-dibroniopropane  in  220  ml  of  alcohol  in  a  reactor  fitted  with  a  reflux  condenser 
and  dropping  funnel.  The  reactor  was  heated  on  a  water  bath  to  boiling  of  the  alcohol  and  during  40  minutes 
we  added  a  saturated  aqueous  solution  of  96  g  of  potassium  cyanide  and  continued  heating  for  two  hours  more. 

The  reaction  product  was  treated  as  described  in  the  literature  [9].  We  obtained  46  g  (70'7o)  of  glutaronitrile  with 
b.p.  131-136*  (10  mm)  d4*°  0.90-1,  nD*”  1.4360. 

In  this  study  we  used  sebaconitrile  obtained  previously  [4].  Azelaonitrile (d^*®  0.936,  nD^®  1.4462)  and  pi- 
melonitrile  (d4*"  0.049,  nl)*®  1.4424)  were  synthesized  like  sebaconitrile  fromazclaic  and  pimelic  acids  [4]  with 
yields  of  82  and  83’/o  respectively.  The  starting  pimelic  acid  was  obtained  from  salicylic  acid  [10].  The  con¬ 
stants  of  the  resulting  nitriles  agreed  with  the  literature. 

Obtaining  tire  diiminohydrin  diliydrochlotides  (IV)  and  the  diamides  (VI). 

Scbacic  amide  (exp.  10).  Into  a  mixture  of  8.2  g  (0.06  mole)  of  sebaconitrile  and  20  ml  of  dry  ether 
with  cooling  to  0*  and  stirring  was  passed  7.3  g  (0.2  mole)  of  hydrogen  chloride.  After  keeping  in  the  cold  for 
four  hours  we  added  to  the  mixture  1.8  g  (0.1  mole)  of  water.  After  five  days  the  precipitate  which  came  down 
in  the  cold  was  filtered  off,  washed  with  dry  ether,  and  dried  in  a  desiccator  over  calcium  chloride.  We  obtained 
13.8  g  of  substance  (IV  e)  with  m.p.  136*  (decomposition). 

Found  <70;  Cl  26.0;  N  10.6.  CioHzzOiNzClj.  Calculated  Cl  26.0;  N  10.26. 

Ten  g  of  substance  (IVe)  was  hydrolyzed  with  30  ml  of  water  and  neutralized  to  methyl  orange  with  107<» 
sodium  hydroxide  solution.  The  resulting  precipitate  was  filtered  off,  washed  with  water,  and  dried.  We  obtained 
7.16  g  (98'7i  calculated  on  the  starting  nitrile)  of  sebacic  amide  (Vie)  with  m.p.  209-210*  (from  dimethylfor- 
mamide);  the  literature  gives  m.p.  208-210’  [11]. 

At  a  molar  ratio  of  sebaconitrile  to  hydrogen  chloride  1:8  the  time  of  crystallization  of  (IVc)  was  shortened 
to  one  day. 

Glutaric  amide  (expt.  1).  A  homogeneous  solution  obtained  after  hydrolysis  of  the  product  of  the  reaction 
of  glutaronitrile  witli  hydrogen  chloride  and  water  was  neutralized  with  10*70  sodium  hydroxide  and  evaporated 
dry.  The  residue  was  extracted  with  boiling  dimethylformamide  in  a  continuous  extractor  for  three  hours.  On 
cooling,  glutaric  amide  (Via)  precipitated  from  the  extract.  Ether  precipitated  a  further  amount  of  (Via)  from 
the  mother  liquor,  m.p.  176*  (from  a  mixture  of  dimethylformamide  and  ether);  the  literature  gives  m.p.  174- 
176*  [12]. 

Pimelic  amide  (expt.  4)  was  obtained  like  substance  (Via),  m.p.  174-176*  (from  alcohol);  the  literature 
gives  174-176*  [13]. 

Azclaic  amide  (expt.  7).  FTom  7.5  g  (0.05  mole)  of  azelaonitrile  under  conditions  like  those  described  for 
the  preparation  of  (IVc)  we  obtained  12.95  g  of  azelaic  acid  diiminohydrin  diliydrochloride  (IVd)  with  m.p.  130* 
(decom  position). 

Found  %:  Cl  26.5;  N  10.7.  CgUzoQjNzClz.  Calculated  %:  Cl  27.0;  N  10.8. 

By  hydrolysis  of  (IVd)  we  obtained  (Vid),  m.p.  174*  (from  water);  the  literature  gives  m.p.  175*  [14]. 

Isolation  of  the  amides  of  ai-cyanocarboxylic  acids  (V)  from  their  mixtures  with  the  diamidcs.  The  mix¬ 
ture  of  iminohydrin  hydrochlorides  of  the  cu-cyanocarboxylic  acids  (III)  and  diiminohydrin  dihydrochlorides  of  the 
corresponding  dicarboxylic  acids  (IVXexpts.  2,  3,  5,6,8, 9,  11-14)  was  obtained  by  the  method  described  for  (IVe). 

(j-Cyanopelargonic  amide  (expt.  12).  Six  g  of  a  mixture  of  chlorides  (Ille)  and  (IVe)  was  hydrolyzed  with 
20  ml  of  water,  neutralized  with  lOTjo  sodium  hydroxide  to  methyl  orange,  and  from  the  heterogeneous  mixture, 
heated  to  boiling,  was  filtered  0.6  g  of  sebacie  amide.  The  filtrate  was  evaporated  dry  and  the  residue  was  ex¬ 
tracted  successively  with  boiling  ethyl  acetate  and  dimethylformamide  in  a  continuous  extractor.  When  the  ethyl 
acetate  was  evaporated  wc  isolated  3.0  g  of  u-cyanopelargonic  amide  (Ve);  yield  447o(on  the  dinitrilc),  m.p. 
74-76*  (from  water);  the  literature  gives  m.p.  74-76*  [15]. 

From  dimethylformamide  ether  precipitated  a  further  amount  of  sebaeic  amide.  In  all  we  obtained  1.9  g 
(257o)  of  (Vie),  identical  with  that  obtained  in  expt.  10. 
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In  an  analogous  way  v/c  separated  from  the  corresponding  diamides  the  following  nitrilcamldes:  y-cyano- 
butyiic  amide  ( Va)  (expt.  2),  m.p.  60-70’  (from  a  mixture  of  ethyl  acetate  and  eth.cr;  the  literature  gives  m.p. 
69-70’  [16];  f  -cyanocaproic  amide  (Vc)  (expt.  5),  m.p.  89-91*  (from  ethyl  acetate);  the  literature  gives  m.p. 
89-91"  [17];  tu-cyanocaprylic  amide  (Vd)  (expt.  8),  m.p.  83-34’  (from  ethyl  acetate);  the  literature  gives  m.p. 
84-85’  [18].  I'or  the  extraction  of  substance  (Va)  instead  of  ethyl  acetate  wc  used  acetonitrile.  V/hen  we  cooled 
the  acetonitrile  a  small  amount  of  glutaric  amide  precipitated  and  was  filtered  off.  y -Cyanobutyric  amide  was 
isolated  by  evaporating  the  filtrate. 


SUMMARY 

1.  V/e  have  studied  the  reaction  of  aliphatic  dinitrilcs  with  hydrogen  chloride  and  water.  We  have  worked 
out  a  method  for  obtaining  tlie  diamidcs  of  dibasic  acids  and  the  amides  of  tj-cyanocarboxylic  acids  froin  the 
corresponding  dinitriles. 

2.  We  have  showed  that  in  the  hydrolysis  of  the  dinitriles  of  glutaric,  pimelic,  azelaic,  and  sebacic  acids 
selective  binding  of  the  HCl  with  one  nitrile  groups  does  not  occur.  Mere  there  is  basis  for  suggesting  that  the 
previously  described  selective  reactivity  of  the  nitrile  group  in  the  adiponitrile  is  related  to  the  nonlinear  struc¬ 
ture  of  its  molecule. 
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We  showed  previously  that  some  acetylene  glycols  which  contain  free  acetylene  hydrogen,  the  6 -glycol 
3,5-dimcthyl-l -hcxyn-3,5-diol  [l]and  the  y-glycol  3-methyl-l-hcxyn-3,6-diol  [2]under  ordinary  conditions 
do  not  form  a  precipitate  under  the  action  of  an  ammoniacal  solution  of  silver  oxide;  a  precipitate  of  acetylenic 
silver  appears  only  when  the  reaction  mixture  is  heated.  On  the  other  hand,  we  have  studied  ethers  of  dimethyl- 
acetylcnyl  carbinol  and  have  sliown  [2]  that  the  ethyl  ether  of  this  alcohol  forms  a  precipitate  of  acetylenic  sil¬ 
ver  as  easily  as  does  the  carbinol,  while  the  benzyl  ether  of  dimethylacctylcnyl  carbinol  does  not  react  with  am¬ 
moniacal  silver  oxide  even  when  heated  to  boiling.  We  tried  to  connect  such  peculiar  relationships  with  the 
silver  reagent  to  the  presence  in  these  compounds  of  intermolecular  acetylenic  hydrogen  bonds  [3],  but  such 
bonds  w’crc  observed  not  only  in  those  compounds  which  did  not  give  a  precipitate  of  acetylenic  silver,  but  also 
in  dimetliylacetylenyl  carbinol  and  its  ethyl  ether,  and  in  a  series  of  other  acetylenic  oxygen -containing  deri¬ 
vatives  which  react  easily  with  ammoniacal  solutions  of  silver  oxide. 

Since  the  experimental  material  on  this  question  is  still  very  scanty,  all  new  data  in  this  field  present 
considerable  interest. 


Therefore  we  studied  etliers  of  3-niethyl-l -hcxyn-3,6-diol  and  3,5-dimethyl -l-hexyn-3,4-diol  and  tried 
to  synthesize  the  rnethylethyl-  and  methyl -n-butylacetylenyl  carbinols. 

The  synthesis  of  the  ethers  of  the  alcohols  and  glycols  was  carried  out  by  reaction  of  the  latter  with  sodium 
and  alkyl  halides  in  liquid  ammonia.  In  running  the  reaction  of  3-methyl-l-hexyn-3,6-diol  with  sodium  and 
methyl  iodide  to  obtain  the  dimethyl  ether  of  this  glycol  we  obtained  both  the  mono-  and  diether, but  along 
with  this  there  occurred  partial  formation  of  the  cthylcnic  ethers  due  to  reduction  of  the  triple  bond  by  the 
evolved  hydrogen.  Although  we  were  not  able  to  separate  fully  the  four  reaction  products  formed,  yet  the  data 
of  the  analyses  and  the  photographs  of  the  infrared  spectra  allow  us  to  assume  that  the  reaction  goes  as  follows. 


Cll:, 


Hc:=(:— C011-CII2— CH,-(:n-.0H 
(I) 

I  Na.  NH,.  CH,1 

i"“  r 

Hc--  «:-r,(ocii3)-(.:Ho-(:H2-(;n,o(:H3  ll(■:!sC-C(0CH3)-Cll.J-Cll2-(:H20H 

|h,  n.j  <>v) 

CII3  Cllj 

iL,(;--=(;ii-C(()CH3)-(.;ii2-Gii2-»:iL.u(:ii;.  ii.c^  cii-ciociy-ciii— ciij-ciizOii 

(III)  (V) 


2494 


I 

i 


Li  riMiiiing  the  reaction  under  the  same  conditions,  but  with  I  g-atom  of  sodium,  we  obtained  the  same 
mixture  of  products,  and  also  some  unrcacted  starting  glycol.  Neither  of  the  ethers  gave  a  precipitate  of  acety¬ 
lenic  silver  even  when  heated. 

The  above  reaction  scheme  is  assumed,  since  we  cannot  say  whether  there  is  reduction  of  the  triple  bond 
ir>  the  formation  of  the  ethers  or  whether  it  is  already  reduced  in  the  starting  glycol.  The  latter  assumption  can 
be  made  on  the  basis  of  results  which  we  obtained  in  studying  the  reaction  of  methylbutylacetylcnyl  carbinol 
and  meth.ylcthylacetylcnyl  carbinol  with  sodium  and  ethyl  bromide  in  liquid  ammonia.  Under  these  conditions, 
ethers  arc  usually  not  obtained;  methylbutylaretylenyl  carbinol  (VI)  is  completely  reduced,  with  formation  of 
mcthylbuiyl vinyl  carbinol  (VIO,  while  mcthylethylaceiylenyl  carbinol  is  only  partly  liydrogenated  to  mcthyl- 
cthylvinyl  carbinol. 


(;,ii,,_(;uii-(;  Cil  -tioii—Ciu^Clls 


t:ib 


Clli 


(VI) 


(Ml) 


The  structure  of  methylbutylvinyl  carbinol  (VII)  w'as  confirmed  by  its  oxidation,  as  a  result  of  which  we 
obtained  methylbutyl  ketone  and  metiiylbutylglycolic  acid,  by  photographs  of  the  infrared  spectrum,  and  by  the 
results  of  the  hydrogenation  in  which  one  molecule  of  hydrogen  was  added.  In  the  infrared  spectrum  of  the  pro¬ 
duct  obtained  from  mothylethylacetylenyl  carbinol  we  found  absorption  bands  of  the  vinyl  group  ((3100  cm"^) 
[4]  and  acetylenic  bonds  (3333  cm*^  and  2101  cin"^  [5])  (LiF  prism). 

In  the  reaction  of  the  acetylenic  a-glycol  3,5-dimcthyl-l-hexyn-3,4-diol  (VIII)  with  sodium  and  ethyl 
bromide  in  liquid  ammonia,  reduction  of  the  triple  bond  was  not  found.  As  a  result  of  the  reaction  we  obtained 
the  monocther,  3,5-dimethyl-3-ethoxy-l-hcxyn-4-ol  (K);  part  of  the  glycol  was  recovered. 
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When  ether  (IX)  was  heated  with  a  solution  of  alkali,  its  decomposition  with  evolution  of  acetylene  did 
not  occur;  this  confirmed  that  the  ethoxy  group  was  on  Uie  tertiary  carbon  atom.  The  structure  of  the  ether  was 
also  confirmed  by  infrared  spectrum  photographs. 

Ether  (EX)  reacted  with  ammoniacal  silver  oxide  at  room  temperature,  but  only  on  standing.  In  the  same 
way  ammoniacal  silver  oxide  also  reacted  with  the  monoacetyl  derivative  of  glycol  (X)  and  with  3,5-dimethyl- 
3-ethoxy-4-acetoxy-l -hexyne  (XI). 
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Ether  (X)  was  not  decomposed  with  evolution  of  acetylene  under  the  influence  of  alkali;  this  shows  that 
the  ether  portion  is  found  on  tlie  tertiary  carbon  atom.  For  both  ethers  (X)  and  (XI)  we  took  infrared  spectra. 

As  for  the  benzyl  ether  of  glycol  (XII),  this  does  not  react  with  ammoniacal  silver  oxide  solution  either  at  room 
temperature  or  with  heating. 

The  benzoxy  group  in  this  ether  is  also  on  the  tertiary  carbon  atom.  The  presence  of  the  group  -C 
was  confirmed  spectroscopically. 

Thus,  the  reaction  of  acetylenic  alcohols  and  glycols  with  sodium  and  alkyl  halides  in  liquid  ammonia 
can  lead  in  one  of  two  directions:  1)  formation  of  ethers,  on  which,  in  the  case  of  glycols, the  hydroxyl  group 
next  to  the  triple  bond  reacts,  and  2)  hydrogenation  of  the  triple  bond  to  an  ethylenic  one. 
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In  some  cases,  both  these  reactions  occur.  As  to  the  ability  of  the 
ethyleiiic  hydrogen  to  be  replaced  by  silver,  in  tlie  case  of  glycol  (1) .which 
under  ordinary  conditions  does  not  give  acetylenic  silver,  its  ethers  also 
do  not  give  this  precipitate;  in  the  case  of  glycol  (VIII),  which  forms  an 
acctyicnide,  its  ethyl  ether  and  its  mono-  and  ethoxyacetate  also  form 
this  precipitate  in  distinction  from  the  benzyl  ether  of  glycol  (VIII),  which 
(like  the  benzyl  ether  of  dimethylacetylenyl  carbinol)  does  not  react  with 
the  silver  reagent  even  when  heated. 

EXPERIMENTAL 
O.  V.  Sergievskaya 

Reaction  of  3-mcthyl-l-hcxyn-3,6-dioI  with  sodium  and  methyl  iodide  in  liquid  ammonia. 

Obtaining  the  dicther.  Fifty  g  of  glycol  (I)  was  dissolved  in  anhydrous  ether  and  slowly  poured  into  liquid 
ammonia,  after  which  17  g  of  metallic  sodium  in  pieces  were  added  (slightly  less  than  two  moles).  The  first 
mole  of  sodium  reacted  so  fast  that  its  solution  in  liquid  ammonia  did  not  acquire  a  blue  color.  The  second 
mole  reacted  considerably  more  slowly,  the  solution  turned  blue  and  decolorized  slowly.  When  the  solution 
had  acquired  a  stable  blue  color,  we  added  50  ml  of  methyl  iodide,  and  the  reaction  occurred  very  violently. 

After  evaporation,  the  reaction  mixture  was  decomposed  with  a  small  amount  of  water,  and  solution  was  ex¬ 
tracted  with  ether  by  hand  and  in  a  Soxhlet  apparatus.  After  drying  and  removal  of  the  ether,  the  residue  was 
repeatedly  fractionated;  however,  we  could  not  isolate  completely  pure  mono-  and  diethers.  We  isolated  two 
fractions;  the  1st  with  b.p.  &1-66.5*  (8  mm),  20  g,  which  in  the  methoxy  content  was  close  to  the  diether,  and 
the  2nd  with  b.p.  74-76.5*  (8  mm),  17  g,  which  in  content  of  methoxy  groups  was  like  the  monoether.  We 
also  isolated  G  g  of  unrcacted  startuig  glycol. 

1st  fraction.  B.p.  Gl-66.5*,  nl/®  1.4340,  d4*'’ 0.8915,  MRp)  45.57.  Calculated  MRd  45iU5. 

MRj)  4G.15.  C5lh802P.  Calculated  MR^  4G.58. 

Found '7'>;  C  69.60;  G9.45;  11  11.04;  11.46;  OCH3  30.86;  37.12,  0.11,  0.15.  CgllieOj.  Calculated  7o: 

C  69.23;  II  10.25;  CX:il3  39.75.  CalligQz.  Calculated  C  68.35;  H  11.39;  OCU3  39.23. 

2nd  fraction.  B.p.74-7R.5*  (8  mm),  nD*®  1.4449,  d4*®  0.9173.  MRjj  41.20.  CgHnOzP.  Calculated  40.31. 
MRd  41.78.  CgllicQzF.  Calculated  41.85. 

Found  %:  C  67.05;  H  11.32;  OCH3  23.23;  22.94;  OH  10.74;  10.91.  CgHi40ij.  Calculated  %  C  67.60;  H  9.87; 
OCII3  21.83;  OH  11.97,  CgHigOz.  Calculated  C  66.66;  H  11.11;  OCH3  21.53;  OH  11.81. 

For  both  fractions  we  took  the  infrared  spectra  (NaCl  prism).  We  noted  an  intense  absorption  band  answer¬ 
ing  the  valence  oscillation  of  a  =  CH  group  (2100  and  2075  cm~')  [5],  and  a  valence  oscillation  of  an  unconju¬ 
gated  double  bond  (1650  and  1645  cm"*)  [6],  and  also  *overtonc"dcformation  oscillation  of  hydrogen  bonds  in 
the  group  =CH2  (1830  and  1820  cm"*)  [7;^ 
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L.  N.  Il’ina 

Mcthylbutylacctylenyl  carbinol  was  obtained  by  tlic  process  of  Favorskii. 

B.p.  49-50*  (5  mm),  nT3*®  1.4410,  0.8587,  Ml^u  38.75.  C8H14OP. Calculated  38.76. 

Literature  [8]  gives:  b.p.  63*  (12  mm),  nD*^  1.4390,  d4*‘‘  0.860. 

Reaction  of  tncthylbuiylacetylcnyl  carbinol  and  niethylethylacctylenyl  carbinol  with  sodium  and  ethyl  bro¬ 
mide  in  liquid  ammonia.  Ten  g  of  methylbutylacetylcnyl  carbinol  was  carefully  poured  into  liquid  ammonia  in 
a  wide  tube  cooled  to  -35*,  and  then  1.8  g  of  sodium  was  added( small  pieces).  When  the  sodium  had  all  reacted, 
we  added  9  g  of  ethyl  bromide.  The  ammonia  was  removed  by  evaporation,  anhydrous  ether  was  added  and  the 
solution  was  filtered  from  the  precipitate  of  NaBr,  then  the  ether  was  dLstilled  off  and  the  residue  was  fractionated 
We  obtained  6  g  of  methylbutylvinyl  carbinol. 
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B.p.  153-155*,  nD*®  1.4320,  0.8297,  I'AIq  40.01,  CgHigOp.  Calculated  39.99. 

round  "k  c  74.04,  74.87;  H  12.20,  12.50;  OH  12.70,  13.42.  M  124.  CsHijO.  Calculated  ^o:  C  75.00; 

H  12,50;  OH  13.23.  1.1  128. 

Oxidation  of  incthylbiitylvi^  carbinol.  In  the  oxidation  of  10  g  of  the  alcohol  we  used  28.5  g  of  potas¬ 
sium  permanganate,  rroin  the  neutral  oxidation  product  we  obtained  a  2,4-diniirophenylhydrazone  of  methyl- 
I'Utyl  ketone  witli  in.p.  104*  [9]. 

round  %;  N  20.28,  20.42.  CijUuO^N^.  Calculated  N  20.00. 

I'hc  acid  obtained  in  the  oxidation  was  converted  to  the  amiiioniuin  salt  and  treated  with  concentrated 
silver  nitrate  solution. 

round  1o:  Ag  40.G3.  CvH^GaAg.  Calculated  '7o:  Ag  41.07. 

In  tlie  hydrogenation  of  methylbntylvinyl  carbinol  over  platinum  black  \\2io  of  the  hydrogen  was  absorbed 
calculated  for  the  double  bond. 

In  the  infrared  spectrum  were  absorption  bands  for  the  vinyl  group  (3022  cm"'  and  3104  cm"')  and  for  hy¬ 
droxyl  added  by  a  hydrogen  bond  (3419  cm"')  [10]. 

Methylethylacetylcnyl  carbinol  was  obtained  by  the  method  of  Favorskii;  its  constants  agreed  with  the 
literature  data.  Its  reaction  with  sodium  and  etliyl  bromide  was  carried  out  under  conditions  described  above. 
B.p.  107-110",  nD^®  1.4202,  d4'®  0.8228,  MRq  30.74.  CeHizOp.  Calculated  30.97. 

In  the  infrared  spectrum  we  found  a  maximum  at  3100  cm"'  (Cllj  group)  and  maxima  at  3333  and  2101 
cm"'  wliich  come  from  the  IIC  h  C— R  group. 


Hsu  Ting-yu 

Reaction  of  3 ,5-diincthyl- l-hcxyn-3 ,4-diol  with  sodium  and  ethyl  bromide  in  liquid  ammonia.  The  reac¬ 
tion  was  carried  out  under  the  conditions  described  above  for  3- methyl- l-hexyn-3.6-dIol.  Here  part  of  the  glycol 
(4  out  of  28  g)  was  recovered  unchanged;  the  ether,  3,5-dlmethyl-3-ethoxy-l-hexyn-4-ol,  was  obtained  In  the 
amount  of  18  g(G4'7‘>). 

n.p.  88-89*  (22  mm),  nD*®  1.4422,  d4^®  0.9056,  MRq  49.68.  CioHigOjP.  Calculated  49.55. 

Found  C  70.79;  70.60;  H  10.42;  10.70;  ash  H  1.06;  1.06.  M  167.  CxoHigOi.  Calculated  <1o:  C  70.58; 

H  10.58;  ash  Ha^i  1.  M  I'^O. 

The  substance  reacted  very  slowly  with  an  ammoniacal  solution  of  silver  oxide  and  was  not  decomposed 
by  heating  with  an  alkali  solution. 

In  the  infrared  spectrum  taken  in  the  regions  2916-36-44  and  1996-2302  cm"'  (LiF  prism)  we  found  maxima 
at  3300  and  2110  cm"'  which  indicate  the  presence  of  the  group  -ChCH,  and  at  3486  cm"',  showing  the  presence 
of  a  hydroxyl  group. 

Reaction  of  3,5-dimeth^’l-l -he^n-3,4-diol  with  acetic  anhydride.  Eighteen  g  of  glycol,  26  g  of  acetic 
anhydride,  and  1  g  of  potassium  acetate  were  heated  for  18  hours  on  a  boiling  water  bath,  then  the  arctic  acid 
and  anhydride  were  distilled  off  up  to  142*;  the  residue  was  fractionated  in  a  vacuum  at  22  mm.  We  obtained 
15  g(G5‘7o)  of  the  glycol  monoether. 

B.p.  121-123*,  uD^®  1.4461,  d4^®  1.0130,  MRd  48.44.  CgHigOgp.  Calculated  48.14. 

Found  C  65.15;  65.30;  H  8.71;  8.73.  ashH  1.05;  1.06.  M  173.  CcIhgO,.  Calculated  C  65.22; 

H  8.69.  ashH^^,  1.  M  184. 

oC  t 

In  the  infrared  spectrum  taken  with  a  LiF  prism  we  found  frequencies  of  3300,  2116,  and  3487  cm"',  which 
indicated  the  j^resence  of  the  -C^CH  and  hydroxyl  groups. 

Reaction  of  3,5-dimethyl -3-othoxy-l -hexyn-4-ol  with  acetic  anhydride.  The  reaction  was  carried  out 
under  the  conditions  of  the  preceding  experiment.  Yield  of  ctiioxyacetatc  C&^o, 
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B.p.  96-100*  (14  mm),  n^®  1.4360.  0.9448,  KIRq  58.65.  C12H20O3P.  Calculated  59.01. 

Found  %:  C  67.32,  67.44;  H  9.78,  9.57.  M  206.  C12H20O3.  Calculated  %.  C  67.65;  H  9.85.  M  212. 

In  the  infrared  spectrum  taken  with  a  LiF  prism  we  found  absorption  bands  at  3300  and  2111  cm"*,  charac¬ 
teristic  for  a  -C  H  CH  group. 

In  the  hydrogenation  1007o  hydrogen  was  absorbed, calculated  on  the  triple  bond. 

Reaction  of  3,5-dimethyl -1 -hexyn-3.4-diol  with  sodium  and  benzyl  chloride  in  liquid  ammonia.  The  reac¬ 
tion  was  carried  out  under  the  conditions  described  for  the  reaction  of  this  glycol  with  sodium  and  ethyl  bromide 
in  liquid  ammonia.  The  yield  of  benzyl  ether  of  the  glycol  was  357o.  Part  of  the  glycol  was  recovered  unchanged. 

B.p.  159-161*  (22  mm).  nD*®  1.506-4.  d**®  1.0025,  MRd  68.73.  CisHzoQjFsP.  Calculated  69.14. 

Found  %  C  76.43;  76.52;  H  9.10;9.05.  ash  1.03,  1.06;  M  220.  CijHjoOi.  Calculated  %:  C  76.57; 

H  9.01.  ashH  .  1.0;  M  221. 
act 

The  presence  in  the  molecule  of  the  benzyl  ether  of  acetylenic  hydrogen  and  hydroxyl  groups  was  con¬ 
firmed  by  the  infrared  spectrum:  maxima  at  3330  and  2265  cm"*  (-C  e  CH)  and  2112  cm"*  (OH). 

SUMMARY 

1.  We  have  obtained  a  series  of  ethers  of  acetylenic  glycols  which  contain  unsubstituted  acetylenic  hy¬ 
drogen  —  3-mcthyl-l-hexyn-3,6-diol  and  3,5-dimethyl-l-hexyn-3,4-diol. 

2.  We  have  shown  that  in  obtaining  mono-  and  dimethyl  ethers  of  3-methyl-l-hcxyn-3,6-diol,  in  addi¬ 
tion  to  the  acetylenic  ethers  there  are  formed  ethers  with  a  double  bond. 

3.  We  have  shown  tliat  in  attempts  to  synthesize  ethyl  ethers  of  mcthylbutylacetylenyl  carbinol  and  methyl - 
cthylacctylenyl  carbinol  there  occurs  only  reduction  of  these  alcohols  to  alcohols  of  the  ethylenic  series. 

4.  We  have  shown  that  the  methyl  ether  of  3-methyl -l-hcxyn-3,6-diol  and  the  benzyl  ether  of  3,5-di- 
mcthyl-1 -hoxyn-3,4-diol  do  not  react  with  an  ammoniacal  solution  of  silver  oxide  even  with  heating,  while 
the  ethyl  and  acetyl  derivatives  of  this  glycol,  and  also  the  corresponding  ethoxyacetate.give  a  precipitate  of 
acctylenyl  silver. 
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In  a  preceding  communication  [1]  we  have  sliown  that  secondary-tertiary  acetylene  a-glycols,  methyl- 
acctylcnyl  isopropyl  ethylene  glycol  and  mcthylacetylenyl-n-propyl  ethylene  glycol  when  treated  with  con¬ 
centrated  sulfuric  acid  at  -10*  arc  converted  into  a  tautomeric  mixture  of  the  corresponding  substituted  teirahy- 
drofuranones  and  their  enols.  Under  the  influence  of  alkaline  agents  these  heterocyclic  compounds  are  split 
into  etliylfcopropyl-  and  eihylpropyl  ketones  and  ketene,  wluch  is  further  hydrolyzed  into  acetic  acid. 

On  the  other  hand,  A.  E.  Favorskii  and  A.  S.  Onishchenko  [2]  in  treating  a  ditertiary  acetylenic  glycol, 
trimethyl  acctylenyl  ethylene  glycol,  with  sulfuric  acid  under  the  same  conditions  obtained  a  product  of  a  pina- 
colinc  rearrangement  and  following  hydration,  a  ft -ketone,  dimcthylacetyl  acetone,  and  no  other  products  were 
isolated. 

In  this  connection  we  decided  to  study  how  a  close  homolog  of  trimethyl  acctylenyl  carbinol,  3,4-dimethyl- 
l-hexyn-3,4-diol  (II)  would  be  transformed  under  the  influence  of  sulfuric  acid.  In  order  to  obtain  this  glycol 
we  first  synthesized  methyl-ethyl-acctylenyl  carbinol  by  the  method  of  A.  E.  Favorskii  and  this  was  then  hydrated 
by  the  method  of  M.  G.  Kucherov.  The  resulting  methyl -ethyl -acetyl  carbinol  was  transformed  into  the  desired 
glycol.  This  synthesis  was  first  carried  out  by  the  method  of  A.  E.  Favorskii  and  A.  S.  Onishchenko  [3]  by  con¬ 
densation  of  the  ketoalcohol  with  acetylene  in  the  presence  of  potassium  hydroxide;  we  thus  obtained  theeryth- 
ritol  3,4,7,8-tetramethyl-5-decyn-3,4,7,8-tettaol,  and  some  glycol.  When  distilled,  the  erythritol  decomposed, 
with  formation  of  glycol.  Since  the  yield  of  glycol  by  this  process  was  not  good  enough,  we  decided  to  synthe¬ 
size  it  by  the  action  of  sodium  acetylide  on  the  ketoalcohol  in  liquid  ammonia;  by  this  process  the  glycol  was 
obtained  with  a  yield  of  80-85'yo.  The  reaction  of  the  glycol  with  concentrated  sulfuric  acid  was  carried  out  at 
-10  to  -15*.  Distillation  of  the  resulting  products  gave  two  fractions;  the  first  with  b.p.  45-43*  (34  mm),  14*70; 
the  second  with  b.p.  86-87*  (43  mm),  40-457o.  The  first  fraction  was  the  product  of  the  pinacoline  rearrange¬ 
ment,  the  acctylenyl  ketone,  3-methyl -3-cthyl-l-pcntyn-4-one  (I). 
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Since  this  ketone  was  obtained  by  us  in  only  one  of  the  experiments  in  an  amount  of  1.37  g,  we  could 
not  determine  its  structure  rigorously;  but  this  formula  seems  most  probable  to  us  since  of  the  two  hydroxyl  groups 
of  the  glycol  the  more  mobile  is  the  one  which  is  fixed  to  the  acetylene  residue  and  when  the  radicals  shift 
the  acetylene  group  is  formed  preferentially  before  other  acyl  groups.  The  ketone  was  converted  to  the  2,4- 
dinitrophcnylhydrazonc, which  was  completely  analyzed.  Attempts  to  obtain  the  acctylenyl  ketone  by  heating 
the  glycol  with  10  and  P.O'yo  sulfuric  acid  did  not  succeed;  the  glycol  was  recovered  completely. 

The  second  fraction  was  treated  wiili  a  solution  of  potassium  permanganate  to  free  it  from  unsaturated 
impurities.  The  presence  of  a  carbonyl  group  in  it  was  confirmed  by  the  formation  of  a  2,4-dinitrophcnylhy- 
drazone,  and  also  from  a  photograph  of  the  infrared  spectrum  with  a  NaCl  prism.  The  maximum  at  1717  cm*^ 

I  t 

shows  the  presence  of  a  carbonyl,  the  maximum  at  1058-1106  cm’  ,  the  presence  of  an  ether  link.  The  spec¬ 
trum  confirmed  the  cyclic  nature  of  this  tetrahydrofuranone  [4];  in  distinction  from  the  tetrahydrofuranoncs 
obtained  before,  tliis  ketone  was  not  enolized.  Its  formation  can  be  represented  as  follows. 
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2,3-Dimcthyl-2 -ethyl -4-kctotetrahydtofuran  (111)  was  treated  with  a  307o  solution  of  alkali,  and  in  distinc¬ 
tion  from  the  other  enols  studied  207o  alkali  did  not  act  on  it.  As  a  result  of  this  reaction  we  obtained  methyl 
sec-butyl  ketone  and  acetic  acid.  Thus  in  splitting  the  tetrahydrofuranone  (III)  there  was  a  shift  of  the  ethyl 
radical  to  the  neighboring  carbon  atom  and  the  ketene  which  formed  was  hydrolyzed  in  an  acid  medium  to 
acetic  acid. 
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Since  our  results  differ  greatly  from  those  obtained  by  Favorskii  and  Onishchenko  with  trimethyl  acetylcnyl 
ethylene  glycol  [2],  we  decided  to  repeat  that  work.  The  dimethylacetylcnyl  carbinol  needed  for  the  synthesis 
of  this  glycol  was  obtained  by  the  method  of  Favorskii  and  was  hydrated  by  the  Kuchcrov  process. 

The  synthesis  of  the  glycol  from  the  kctoalcohol  was  carried  out  in  liquid  ammonia.  The  resulting  tri¬ 
methyl  acetylcnyl  ethylene  glycol  (IV)  was  treated  with  concentrated  sulfuric  acid  at  -10*.  The  reaction  went 
in  two  directions;  giving  the  same  6 -diketone  as  before  [2]  with  a  yield  of  about  lOT*,  and  2, 2 ,3-trimethyl -4- 
ketotettahydrofuran  ( VDwith  a  yield  of  SO’/o. 
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The  diketone  (V)  contained  admixed  furanone  (VI)  since  under  the  action  of  2,4-dinitrophenylhydrazine, 
besidesa di-2,4-dinitrophenylhydrazone  we  obtained  a  mono-2,4 -dinitrophenylhydrazonc  identical  with  that 
which  was  obtained  from  furanone  (VI).  The  melting  point  of  the  discmicarbazone  obtained  from  diketone  (V) 
agreed  with  the  literature  data  [2]. 

After  purification  from  unsaturated  impurities,  the  tetrahydrofuranone  (VI)  was  photographed  in  the  infrared 
and  the  spectrum  confirmed  the  presence  of  the  carbonyl  group  (1695  cm"*)  and  the  ether  oxygen  (1105  cm’*) 

[4].  When  the  furanone  was  distilled  with  307'  potassium  hydroxide  it  gave  methyl  isopropyl  ketone,  and  acetic 
acid  was  isolated  from  the  alkaline  solution. 
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Thus,  under  the  action  of  concentrated  sulfuric  acid  on  truncthyl  acetylenyl  ethylene  glycol  the  main 
direction  is  the  transformation  to  the  substituted  tetrahydrofuranone;  also,  to  a  small  extent  tltcrc  is  a  pinacolinc 
rearrangement  accompanied  by  hydration  of  the  triple  bond. 

EXPERIMENTAL 

Transformations  o  f  3  .4  -  D  i  methyl-1 -  Hexyn -  3, 4 -  Diol  (II) 

A  .  V  .  M  a  r  s  !i  u  c  V  a 

The  starting  aleohol,  methyl  ethyl  acetylenyl  carbinol,  was  synthesized  by  the  Favorskii  method  with  a 
yield  of  about  G07j.  Hydration  of  the  alcohol  was  carried  out  by  tlie  Kucherov  method:  4.R  g  of  mercuric  oxide 
v/as  dissolved  in  25  ml  of  concentrated  sulfuric  acid  and  poured  into  150  ml  of  water.  We  introduced  dropwise 
vtith  stirring  into  the  cooled  solution  over  a  period  of  2.5  hours,  49  g  of  methyl  ethyl  acetylenyl  carbinol.  We 
extracted  with  ether,  dried,  distilled  off  the  ether,  and  rectified.  Yield  of  ketoalcohcl  707o  and  above. 

B.p.  150-152',  nD^”  1.4215,  d^^®  0.9390,  MRd  31.34.  CgHizOz.  Calculated  31.40. 

Literature  data  [3]:  b.p.  151-153",  nD^®  1.4215,  d4*®  0.9406,  MRp)  31.30. 

2.4- Dinitrophenylhydrazone,  m.p.  16-1-165*. 

^nthesis  of  the  acetylenic  glycol  (II)  from  the  ketoalcohol  was  carried  out  in  three  ways:  1)  by  the  method 
of  lotsich,  2)  by  the  method  of  Onishchenko,  and  3)  by  the  action  of  sodium  acetylide  in  liquid  ammonia.  The 
reaction  by  t!ic  lotsich  method  did  not  occur  and  the  ketoalcohol  was  recovered;  by  the  Onishchenko  method 
the  yield  of  glycol  did  not  exceed  25'7'5:  by  the  third  method  the  yield  of  glycol  was  much  higher;  the  experi¬ 
ment  was  carried  out  under  conditions  given  in  the  literature  for  the  synthesis  of  acetylenic  alcohols  [5]  which 
we  used  in  the  previous  work  [1]  on  the  synthesis  of  acetylenic  glycols. 

3.4 - Dimethyl-1 -hexyn-3,4-diol  (II)  was  obtained  with  a  yield  of  82'7o. 

B.p.  91'  (9  mm),  nD^®  1.4670,  d^^®  0.9874. 

Literature  data  [3]:  b.p.  82-83.5*  (.7  mm),  nl/”  1.4  670,  d/®  0.9901. 

Reaction  of  glycol  (II)  with  concentrated  sulfuric  acid.  In  a  round-bottomed  flask  fitted  with  a  stirrer 
we  poured  80  ml  of  concentrated  sulfuric  acid  and  then  with  stirring  and  cooling  to  -10*  we  added  by  drops  in 
the  course  of  1.5  hours  10  g  of  pinacone.  The  reaction  mass  was  stirred  for  some  time  further,  brought  to  room 
temperature,  and  poured  onto  0.6  kg  of  fine  ice.  After  salting  out  with  ammonium  sulfate,  the  product  was  ex¬ 
tracted  with  ether;  the  ether  extract  was  dried  with  sodium  sulfate,  the  ether  was  distilled  off,  and  the  residue 
was  distilled  in  a  vacuum.  As  a  result  of  the  distillation  we  obtained  two  substances. 

The  first  substance,  with  a  yield  of  14'7j,had  b.p.  45-43*  (43  mm),  nD*®  1.4293,  84^®  0.8814.  The  substance 
gave  a  heavy  precipitate  of  silver  acetylide,  gave  no  reaction  for  hydroxyl,  and  formed  a  2,4-dinitrophenylhy- 
drazone  with  m.p.  110-110.5*  (from  alcohol). 

Found  7o:  C  55.59,  55.57;  H  5.59,  5.73;  N  18.24.  C14H16O4N4.  Calculated  %:  C  55.26;  H  5.26;  N  18.42. 

On  the  basis  of  the  analysis  and  properties  of  the  substance,  we  consider  it  3-mcthyl -3-ethyl -l-pcntyn-4- 
one  ( I). 

The  second  substance,  with  a  yield  of  40-4579,  had  b.p.  86-87*  (42  mm).  The  substance  was  not  completely 
pure  and  contained  admixtures  of  unsaturated  compounds.  For  purification  it  v;as  oxidized  with  a  solution  of  potas¬ 
sium  permanganate;  we  used  3  g  of  KMn04  per  12  g  of  substance.  After  the  usual  treatment  we  isolated  9  g  of 
substance  which  reacted  neither  with  ammoniacal  silver  oxide  solution  nor  with  methyl  magnesium  iodide, 
did  not  decolor  a  solution  of  KMn04  and  gave  a  precipitate  of  a  2,4-dinitrophenylhydrazone. 

B.p.  76-77*  (14  mm),  nD^®  1.4360,  d4^®  0.9557,  MRp)  38.85;  Calc.  38.63. 

Found  7o:  C  67.68,  67.55;  H  9.92,  9.98.  M  141.  C8H440j.  Calculated  7o:  C  67.60;  H  9.86.  M  142. 

2.4- Dinitrophenylhydrazonc  of  2,3-dimcthyl-2-ctliyl-4-ketotetrahydrofuran  (III).  M.p.  122-123*. 

Found  C  52.12,  51.92;  H  5.87,  5.67;  N  17.84,  17.60.  C14H18O5N4.  Calculated  %  C  52.17;  H  5.59; 

N  17.39. 
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Reaction  of  2,3-diinethyl-2-cthyl-i-ketotctrahydrofuran  with  a  solution  of  potassium  hydroxide.  A 
mixture  of  13.7  g  of  furanone  and  58  ml  of  307o  aqueous  potassium  hydroxide  (the  reaction  did  not  go  with  a 
20‘7o  solution)  was  distilled  from  a  Wurtz  flask.  The  concentration  of  the  solution  was  kept  constant  by  addition 
of  water  from  a  dropping  funnel.  The  resulting  distillate  was  saturated  with  ammonium  chloride,  extracted  with 
ether,  and  dried  with  sodium  sulfate.  After  removal  of  the  ether  and  distillation  at  atmospheric  pressure  we  ob¬ 
tained  4.5  g  of  substance. 


B.p.  118-120*,  nD*®  1.4000,  d^*®  0.8219,  29.94,  CelligO. 

Literature  data  for  methyl  sec-butyl  ketone  [Gj  b.p.  118",  nD 
ketone  [7)  b.p.  118-120",  nD*®  1.4020,  d4*®  0.8014. 


Calculated  29.92. 

*®  1.4002,  d4^®  0.8181;  for  ethyl  isopropyl 


The  substance  gives  a  semicarbazone  with  m.p.  217-218*  and  a  2,4-dinitrophcnylhydrazone  with  m.p. 
71-72*  (from  alcohol). 


Found  C  51.30;  51.61;  H  5.80;  5.89;  N  20.37;  20.07. 


C12H16O4N4.  Calculated ‘7o.  C  51.43;  H  5.71;  N  20.00. 


The  alkaline  solution  after  distillation  of  the  neutral  product  was  acidified  with  sulfuric  acid  and  we  distilled 
off  acetic  acid  with  steam.  The  silver  salt  was  analyzed. 

Found  '7p:  Ag  64.61,  6-1.63.  C2H3C\Ag.  Calculated  %:  64.67. 

These  results  show  that  as  a  result  of  alkaline  hydrolysis  we  obtained  methyl  see -butyl ketone  and  acetic 

acid. 


Transformations  of3,4  -  D  imethyl -1 -Pentyn -3  ,4 -Diol  (IV) 

Hsu  Ting-yu 

The  starting  dimcthylacctylcnyl  carbinol  was  obtained  by  the  Favorskii  method;  its  constants  agreed  with 
the  literature  data.  Hydration  of  this  alcohol  according  to  Kucherov  gave  dimethylacetyl  carbinol  with  b.p. 
139-140"  [2]. 

Synthesis  of  tr imethyl  acctylenyl  ethylene  gylcol  (IV)  was  carried  out  under  the  conditions  described  for 
the  synthesis  of  acetylenic  alcohols  by  the  method  described  in  the  literature  [5]  in  liquid  ammonia.  Yield  53%. 

B.p.  81-83"  (9  mm),  nD*®  1.4603,  34*®  0.9991,  MRd  35.05.  CyllnO^f:.  Calculated  35.56. 

Literature  data  [2]:  b.p.  86-88"  (14  mm),  nD*®  1.4638,  d4*®  1.0032. 

Reaction  of  trimethyl  acctylenyl  ethylene  glycol  with  sulfuric  acid.  The  reaction  was  carried  out  under  the 
conditions  described  above  for  3,4-dimethyI-l-hexyn-3,4-diol.  The  resulting  product  was  vacuum  distilled.  We 
obtained  t^^?o  fractions. 

First  fraction  b.p.  64-68*  (15  mm),  2  g,  nD*®  1.4295;  second  fraction  b.p.  68-69.5*  (15  mm),  8  g,  nD*® 
1.4330,  d4*®  0.9586,  MRq  34.69.  C7Hi2Qj.  Calculated  34.55  (both  oxygens  carbonyl). 

Literature  data  [2]:  b.p.  57-58.5*  (10  mm),  173-174*,  nD*®  1.4306,  d4*®  0.9575. 

Found  %:  C  4  4.57;  44.74;  H  7.75;  7.63;  N  34.65.  CjHiaQiNg.  Calculated  %:  C  44.62;  H  7.4  0;  N  34.71. 

The  product  obtained  by  the  action  of  2,4-dinitrophenylhydrazine  after  recrystallization  from  alcohol  was 
separated  into  two  substances:  a  yellow  one  with  m.p.  210*,  and  a  red  one  with  m.p.  143*. 

Found  for  the  yellow  substance  %:  N  22.98,  23.20.  CjjHigOsNg.  Calculated  %:  N  23.04. 

The  substance  was  a  di-2,4-dinitrophenylhydrazone. 

Found  for  the  red  substance  %:  N  18.29,  18.57.  C;3Hi604N4.  Calculated^:  N  18.20. 

These  results  correspond  to  a  mono-2 ,4 -dinitrophenylhydrazone. 

Since  the  substance  of  the  second  fraction,  with  b.p.  68-69.5"  (15  mm), decolorizeda  solution  of  potassium 
permanganate,  it  was  oxidized  by  this  solution.  In  the  oxidation  of  3.3  g  of  the  substance  we  used  100  ml  of  a 
1%  solution  of  KMn04.  After  the  usual  treatment  vre  obtained  2  g  of  a  neutral  substance. 


t 


t 

i 


I 


2502 


R.p.  170“  iiD^®  1.4260,  0.G494,  KlRp  34.54.  Calculated  34.55  (both  oxygens  carbonyl),  33.98 

(one  carbonyl  oxygen,  one  ether). 

The  resulting  product  no  longer  decolorized  KMnO.t  nor  gave  a  semicarbazone;  under  the  action  of  2,4- 
dinilrophenylhydrazine  it  gave  a  inono-2,4-dinitrophenylhydrazone  with  rn.p.  143-144*.  A  sample  mLxed  with 
the  2,4-dinitrophcnyIhydrazonc  obtained  previously  gave  no  melting  point  depression.  Hydroxyl  groups  were 
absent  in  this  compound. 

The  product  obtained  after  oxidation  was  thus  2,2,3-trimethyl-4-kctotctrahydrofuran  (VI);  its  structure 
was  confirmed  by  a  photograpli  of  the  infrared  spectrum. 

Reaction  of  2,2,3-trimethyl-4-l<ctotctrahydrofuran  with  an  aqueous  solution  of  potassium  hydroxide.  Two 
g  of  tlie  substance  were  distilled  in  a  Wurtz  flask  with  25  ml  of  20'/^  potassium  hydroxide  soluticai.  Tlie  concen¬ 
tration  of  the  solution  was  maintained  by  continuous  dripping  in  of  v/ater.  The  resulting  distillate  was  treated 
with  2,4-dinitrophciiylhydraziuc:  we  obtained  a  2,4 -tlinitrophenylhydrazone  with  m.p.  115-116*.  The  2,4-dini- 
trophenylhydrazone  of  methyl  isopropyl  ketone  nielts  at  117*  [8]. 

bound'’/):  N  21 .10,  21.12.  CiiI!i4QiN4.  Calculated'^'’:  N  21.04. 

The  alkaline  solution  which  remained  after  distillation  of  the  methyl  isopropyl  ketone  was  concentrated 
on  a  water  bath,  acidified  with  sulfuric  acid,  and  extracted  with  ether.  The  residue  after  removal  of  the  ether 
was  converted  to  tlic  silver  salt. 

Found '7o:  A g  64.45,  64.85.  CzHjOiAg.  Calculated  A g  54.67. 

SUMMA  RY 

1.  We  have  showed  that  ditertiary  a-glycols  with  free  acetylenic  hydrogen,  3,4-dimcthyl-l-hexyn-3,4- 
diol  and  irimcihyl  acetylenyl  ethylene  glycol,  ate  transformed  under  the  action  of  concentrated  sulfuric  acid 

at  -10"  into  derivatives  of  4-ketotetrahydrofurans,which  arc  the  chief  products  of  the  reaction. 

2.  A  secondary  direction  of  the  reaction  is  a  pinacoline  rearrangement, as  a  result  of  which  in  the  first 
case  is  formed  theacetylenic  ketone,  3-methyl-3-cthyl-l-pcntyn-4-onc;  in  the  second  case  the  product  is 
formed  by  hydration  of  the  acetylenic  ketone,  a  6 -diketone,  dimethyl  acetyl  acetone. 

•  3.  Both  4-kctotctraIiydrofurans  are  split  when  heated  with  aqueous  solutions  of  alkali  into  ketene,  which 

is  further  hydrolyzed  into  acetic  acid,  and  methyl  sec-butyl  ketone  in  the  first  case,  and  methyl  Isopropyl  ke¬ 
tone  in  the  second. 
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It  was  shown  in  previous  work  [1]  that  on  the  basis  of  5-phenyl-2,4-pcntadienal  it  was  easy  to  obtain  un- 
symmetrical  1  ,G-diaryl-subsiituted  1 ,3.5-hexatrienes  which  have  luminescent  properties.  In  developing  these  studies 
we  have  made  a  more  detailed  investigation  of  the  reactipn  between  5-phenyl-2,4-tctradienal  and  substituted  aryl 
acetic  acids  in  order  to  obtain  new  examples  of  unsymmetrical  1 ,6-diarylhexatrienes. 

The  reaction  between  5-phenyl-2,4-pentadicnal  and  2, 4 -dimethyl-,  3,5-dimethyl-,  2,4,5-trimeihyl-,  p- 
methoxy-,  p-nitrophenylacetic,  2-mcthyl-  and  4-mcthylnaphthyl-l -acetic  acids  was  carried  out  under  conditions 
described  by  Kuhti  [2]  in  the  presence  of  acetic  anliydride  and  lead  oxide.  As  a  result  of  the  reaction  we  obtained 
1-phenyl-C-aryl  derivatives  of  1 ,3,5-hexatriene  by  the  scheme 


Ccll5CIl=CII-CII=C}l=CnO  H  HCH^COOIl  ->  CGH.-i(CII=CH)3U  -f-  H2O  -f  CO2 
(1)  K  =  2,V(CH.),C,tt,,  (11)  U  =  3,5  (cn,),ca!j.  (Ill)  R  =  p  CIl,OC,lI,.  (IV)  R  =  p-NO,C,Il4. 

(V)  R  =  4-ClIjC,,H,. 

It  follows  from  these  experiments  that  the  yield  of  hexatriene  derivatives  depends  on  the  position  of  the  sub- 
stitutent  in  the  benzene  ring  of  the  arylacetic  acid.  This  is  especially  cleat  in  the  example  of  the  methyl-substituted 
acids.  We  showed  that  in  the  reaction  of  3,5-dimethylphenylacetic  acid  with  5-phenyl -2 ,4 -pentadienal  we  obtained 
about  the  same  yield  (397^)  of  hexatriene  derivative  as  in  the  case  of  reaction  of  this  aldehyde  with  unsubstituted 
phenylacetic  acid  from  which,  as  we  showed  earlier  [l‘),l,6-diphenyl-l ,3,5-hexatriene  was  formed  with  a  yield  of 
34.5‘7o.  Thus,  the  introduction  of  a  methyl  group  in  the  meta  position  of  phenylacetic  acid  had  little  effect  on  the 
reactivity  of  the  methylene  groups.  On  the  contrary,  in  the  presence  in  phenylacetic  acid  of  one  methyl  group  in 
the  ortho  position,  the  reaction  with  5-phenyl -2,4 -pentadienal  was  much  more  difficult,  and  with  two  ortho-methyl 
groups  it  did  not  occur  at  all.  Thus,  2,4-dimethylphenylacetic  acid  in  the  reaction  with  5-phcnyl-2,4-pentadienal 
gave  only  a  ICvo  yield  of  l-phenyl-6-(2,4-dimethylphenyl)-l,3,5-hexadiene,  and  2,4,6-trimethylphenylacetic  acid 
did  not  react  at  all  with  this  aldehyde. 

The  same  difference  occurred  with  respect  to  5-phenyl-2,4-pentadienal  and  methylnaphthylacetic  acids. 

While  4-methylnaphthyl-l -acetic  acid  gave  almost  the  same  yield  of  hexatriene  compound  as  unsubstituted  naph- 
thylacetic  acid  [I],  2-methylnaphthyl-l -acetic  acid  under  the  same  conditions  did  not  react  with  5-phcnyl-2,4- 
pentadienal.  In  the  case  of  2,4,6-trimethylphenylacetic  acid  and  2-methylnaphthyl-l -acetic  acid  under  the 
conditions  described  above  we  isolated  only  the  lead  salt  of  these  acids  (VI,  VII),  and  did  not  obtain  a  hexatriene 
compound. 


•Communication  XI,  cf.  Izvest.  Akad.  Nauk  SSSR,  Otdel.Khim.  Nauk,  1267  (1960). 
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l-r!ienyl-6-Aryl-l,3,5-Hexairienes  CgHjCCH  =  CPDsR 


Com¬ 

pound 

Mo. 

u 

Yield, 

<70 

M.p. 

Solvent 

Found,  ^0 

Calcrlated,  % 

c. 

II 

N 

c 

H 

N 

(1) 

2.i  (Cn.3)'2('(;ll3 

10.2 

107-1  OS’ 

Alcohol 

OI.S.'. 

7.06 

02.26 

7.74 

(II) 

3.r)-{(;ii,).f-Gi'3 

39,0 

li:9~l29..5 

.•\lcchol 

02.15 

7.01 

— 

02.26 

7.74 

— 

(III) 

p-ClliOCc.ll} 

22.1 

15.')  ,.5— 1X7 

ncnzcnc 

SG.SS 

G.Of) 

— 

36.00 

6.91 

— 

(IV) 

p-Nn.^Cr.lL, 

30  .5 

194—106 

Dioxanc 

73.06 

.5.72 

5.0'( 

77.0.'. 

.5.49 

5.05 

(V) 

4-(;il3C,olIr. 

10.2 

1G9-170 

Benzene 

93.26 

G.76 

03.2!) 

6.S0 

— - 

The  inertness  of  the  methylene  groups  of  2, 4 -dimethyl plienylacctic  acid  and  especially  of  2,4,6-trimethyl- 
plienylacetic  acid  and  2-methylnaphthyl-l -acetic  acid  is  evidently  connected  v/ith  special  difficulties. 

Since  we  did  not  succeed  in  obtaining  1 -phcnyl-6-(2,4,6-trimcthylphcnyl)-l ,3,5-liexatriene  from  2,4,6- 
trimeihylplienylacetic  acid,  we  used  for  the  preparation  of  this  compound  (v/hicli  is  interesting  because  of  its  lumi¬ 
nescent  properties)  the  reaction  between  5-phcnyl-2,4-pentadicnal  and  2,4,6-trimethylbcnzyl  magnesium  chloride, 
As  a  result  of  this  reaction  we  isolated  l-phenyl-5-hydroAy-G-(2,4,G-trimethylphenyl)-l ,3-hexadicne  (VIIl), which 
by  dehydration  with  hydrobromic  acid  was  converted  into  l-phenyl-6-(2,4,6-trimcthylphcnyl)-l,3,5-hexatricne 
(IX). 


f.Ilj 

i-  ^-cn.MgCi 

CM, 

C1I3 

\ _ 

I  >- 

CM:, 


^ -CH3 

cn3 


EX  PERIMENTAL 

1  -  Phenyl -6-aryl -1 ,3,5-hexatrienes.  A  mixture  of  0.01  mole  of  substituted  arylacetic  acid,  O.Ol  mole  of 
5-phcnyl-2,4-pcntadicnai,  2  ml  of  acetic  anhydride,  and  1.2  g  of  litharge  was  boiled  under  reflux  for  five  hours 
in  a  nitrogen  atmosphere.  After  cooling  to  room  temperature,  the  reaction  mass  crystallized.  The  precipitate  was 
filtered  off,  washed  with  a  mixture  of  benzene  or  acetone  with  alcohol,  chromatographed  on  aluminum  oxide,  and 
rccrystallized.  The  results  are  given  in  the  table. 

Lead  salt  of  2,4,G-triiTicthylphenylacetic  acid  (VI).  A  mixture  of  2.55  g  of  5-phenyl -2,4-pcntadicnal,  5  ml 
of  acetic  anhydride,  and  4.4  g  of  litharge  was  boiled  under  reflux  for  five  hours  in  a  stream  of  nitrogen.  On  the 
next  day  the  crystallized  mass  was  treated  with  10  ml  of  alcohol  and  the  precipitate  was  filtered  off  (4.22  g,  m.p. 
148-205*).  After  crystallization  from  benzene  we  obtained  3.4  g  of  substance  with  m.p.  203-215*,  which  after 
several  crystallizations  from  xylene  had  m.p.  232-234*  and,  from  the  analytical  results,  was  lead  2,4,6-trimcthyl- 
phenylacetate. 

Found  I0:  C  4G.40,  46.25;  H  4.71, 4.42;  ash  39.93,  39.99.  CejllzgO^Pb.  Calculated  ‘/o:  C  47.04;  11  4.67; 
ash  39.75. 

Lead  salt  of  2-mcthylnaphthyl-l-acetic  acid  (VII).  A  mLxturc  of  3.2  g  of  2-meihylnaphthyl-l -acetic  acid. 
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2.52  g  of  5-phcnyl-2,4-pcntadienal,  2  ml  of  acetic  anhydride,  and  1.2  g  litharge  was  boiled  for  five  hours  in  a 
stream  of  nitrogen.  After  addition  to  the  mixture  of  10  ml  of  an  equal  amount  of  benzene  and  alcohol,  we  ob¬ 
tained  0.65  g(207o)  of  the  lead  salt  of  2-methylnaphthyl-l -acetic  acid,  which  after  several  crystallizations  from 
dioxanc  appeared  as  fine  colorless  plates  with  m.p.  234-236*. 

Found  C  51.5-1:  51.36;  H  3.71;  3.65;  ash  36.88,  36.79.  C26n2204Pb.  Calculated  %:  C  51.56;  H  3.67; 
ash  36.87. 

From  the  mother  liriuor  we  could  not  isolate  1 -phenyl-6-(2-methylnaphthyl-l)-l ,3,5-hexatriene. 

1 -Phenyl -5-hydroxy-6-(2.4.6-trinietliylphenyl)-l  ,3-hcxadienc  ( VIll).  To  a  mixture  of  18.8  g  of  magnesium 
and  170  ml  of  absolute  ether  cooled  with  ice  water  we  added  in  the  course  of  2.5  hours  a  solution  of  13  g  of  2,4,6- 
trimethylbcnzyl  chloride  in  400  ml  of  absolute  ether.  The  reaction  mass  was  kept  for  two  hours  witli  ice  cooling, 
then  heated  to  room  temperature  and  the  excess  magnesium  was  filtered  off.  To  the  resulting  Grignard  reagent  we 
added  over  the  period  of  an  hour  and  with  vigorous  stirring  a  solution  of  7.6  g  of  5-phcnyl-2,4-pentadienal  in  150  ml 
of  absolute  ether.  On  the  next  day  the  reaction  mixture  was  decomposed  with  407o  acetic  acid,  the  ether  solution 
was  separated,  washed  several  times  with  water,  and  dried  over  potash.  After  distillation  of  the  ether  we  obtained 
19.7  g  of  a  light-yellow,  viscous  oil.  When  we  fractionated  8.5  g  of  this  oil  in  a  vacuum,  we  separated  two  main 
fractions  which  crystallized  on  cooling.  From  the  first  fraction  with  b.p.  140-150"  (6  rnm)  (1.9  g)  after  crystalli¬ 
zation  from  alcohol  we  obtained  dimcsitylethanc  with  m.p.  117-118",  which  agreed  with  the  literature  data  [3]. 

From  the  second  fraction  with  b.p.  150-175*  (6  mm)  (2.8  g)  after  crystallization  from  acetone  and  then  two  cry¬ 
stallizations  front  alcoliol,  we  obtained  l-phenyl-5-hydroxy-6-(2,4,6-irimethyl)-l,3-hexadierie  with  m.p.  107- 
109*. 

Found  *70:  C  85.68,  85.67;  H  8.07,  8.16.  C21H24O.  Calculated  %  C  86.26;  H  8.27. 

1  -  Phenyl -6 -(2,4, 6-triiiicthyl phenyl )-l, 3, 5-hcxatriene  (IX).  A  solution  of  3  g  of  the  oily  product  from  the 
19.7  g  obtained  in  tlic  previous  experiment  was  boiled  in  10  ml  of  acetone  for  10  minutes  with  0.4  ml  of  concen¬ 
trated  hydrobromic  acid.  After  cooling  the  mixture  to  room  temperature,  the  resulting  precipitate  was  filtered 
off  and  waslk'd  with  acetone.  Wc  obtained  0.47  g(22%)  of  l-phenyl-6-(2,4,6-trimethylphcnyl)-l  ,3,5-hexatriene 
with  m.p.  129-131*.  After  cliromalography  on  aluminum  oxide  (solvent  hexane)  and  subsequent  crystallization 
from  acetone,  l-phcnyl-6-(2,4,6-trimcthylphenyl)-l  ,3,5-hexadiene  appeared  as  colorless  crystals  with  m.p.  131.5- 
132.5"  and  with  a  bright  luminescence  in  the  solid  state  and  in  benzene  solution  when  illuminated  with  ultraviolet 
light. 

Found  C  91.60,  91.65;  H  8.08,  8.13.  CjiHaj.  Calculated  %■.  C  91.92;  H  8.08. 

SUMMARY 

1.  Wc  have  studied  the  reaction  between  5-phenyl-2,4-pcntadienal  and  atylacetic  acids.  In  this  way  we 
have  obtained  a  scries  of  l-phenyl-6-aryl  derivatives  of  1 ,3,5-hexatriene  with  luminescent  properties. 

2.  We  have  established  that  the  presence  of  a  methyl  group  in  the  ortho  position  to  the  methylene  group 
of  the  arylacetic  acid  hinders  the  formation  of  hexatriene  derivatives. 
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In  the  previous  work  one  of  us  showed  that  alcohols  add  to  divinyl  oxide  in  the  presence  of  alcoholates,  pre¬ 
ferably  with  formation  of  secondary  alcohols,  and  in  the  presence  of  boron  fluoride  ctherate,  and  acids,  with  the 
formation  of  primary  alcohols  [1].  The  conclusion  was  confirmed  in  the  following  years  by  a  series  of  chemists 
[2,  3].  The  addition  of  alcohols  to  isoprene  oxide  [4]  and  pipcrylene  oxide  [5]  also  proceeds  according  to  this 
rule.  Thus,  for  example,  in  the  reaction  of  isoprene  oxide  with  methanol  and  ethanol  in  the  presence  of  alcohol¬ 
ates  we  obtained  altogether  about  10'7^of  the  primary  alcohol,  and  in  the  presence  of  boron  fluoride  etherate,  only 
the  primary  alcohol  was  obtained  [4], 

We  set  out  to  establish  the  order  of  addition  of  alcohols  to  chloroprenc  oxide  (3-chloro-l,2-epoxy-3-butcne). 
Of  the  addition  reactions  of  this  oxide  only  hydration,  addition  of  hydrogen  halides,  and  catalytic  hydrogenation 
have  been  studied.* 


By  hydration  of  chloroprene  oxide  was  obtained  3-chloro-3-buten-l,2-diol  [6].  The  addition  of  hydrogen 
halides  occurred  preferably  with  formation  of  a  primary  alcohol  [6).  In  hydrogenation  over  Pd/CaC03  oxide 
ring  was  also  broken  on  the  side  of  the  secondary  carbon  atom,  and  there  occurred  partial  addition  of  hydrogen 
in  the  1,4 -position  [7], 


Our  experiments  showed  that  methyl  and  ethyl  alcohols  add  to  chloroprene  oxide  in  the  presence  of  boron 
fluoride  etherate  with  formation  of  the  primary  alcohol  (I). 

Gll.r  ^CCI-CII-GII.^ 


/  V 

Cllo-rGCl-CIIOfl-tHIoDII  (I)  Cll.--.»:(:l -CIIDM  — GlIoOU  (II) 

I  KOH  J  nr, 

Cll2=c;(;i— COU-^CIH  CIIjHi— CClIlr— CllOII  — CII.Oll 

jlH^l  jcro, 

CILr-  CCl— CO— c:il;,  ClIoHr— CClHr— G.o— ClljOH 

Imh 

ClLj-CILi-CO-CHiOU 


•  At  the  time  this  paper  went  to  press,  the  work  of  E.  G.  Hawkins  was  not  known  to  us  [13], 


2507 


This  was  shown  chiefly  by  the  phthalate  method.  Also,  alcohol  (I)  was  dehydrated  over  KOH  to  the  pre¬ 
viously  described  chloroalkoxyprenc  which  was  then  converted  by  the  action  of  dilute  sulfuric  acid  to  methyl 
chlorovinyl  ketone  (identified  as  the  2,4-dinitrophenylhydrazone). 

The  addition  of  methyl  and  ethyl  alcohols  to  chloroprene  oxide  in  the  presence  of  alcoholates  occurs  pre¬ 
ferably  with  formation  of  the  secondary  alcohol  (II).  The  phthalate  method  showed  about  30%  of  the  primary 
alcohol  in  the  resulting  product. 

The  structure  of  ilie  chief  products  was  shown  by  their  conversion  by  bromination,  oxidation,  and  then  re¬ 
duction  to  the  alkoxyacetoncs  which  in  turn  were  identified  by  the  melting  points  of  tlieir  2,4-dinitrophenylhydra- 
zoncs. 

To  show  the  presence  in  the  adducts  of  admixtures  of  primary  alcohols,  besides  the  phthalate  reaction,  we 
used  the  conversion  to  the  chloroalkoxyprenes  by  distillation  in  a  vacuum  over  KOH.  Here  the  secondary  alcohols 
were  not  changed.  The  yield  of  chloroalkoxyprenes  was  small,  but  their  presence  was  undoubted. 

Thus,  as  a  result  of  the  study,  we  have  established  that  chloroprene  oxide  adds  alcohols  in  a  different  order 
depending  on  the  nature  of  the  catalyst.  As  compared  to  divinyl  oxide  it  gives  more  primary  alcohol  in  the  reac¬ 
tion  with  alcoholates.  If  vt  start  from  the  previous  ideas  of  the  mechanism  of  addition  of  alcohols  to  organic 
oxides  in  the  presence  of  alkaline  and  acid  catalysts,  then  these  experimental  facts  mean  that  under  the  influence 
of  a  chlorine  atom  the  positive  inductive  effect  of  the  vinyl  radical  is  weakened,  and  hence  the  difference  in  po¬ 
larization  of  carbon  atoms  Cj  and  C2  is  lessened,  which  in  turn  lessens  the  selectivity  in  the  rupture  of  the  oxide 


=C-CM-CH,  CH,=C-CH-CH,  CH,— C 

f\  \  /  ^  ^  \  "  rl 

'^Cl  0  'Cl  0  'C 


ring  at  the  moment  of  nucleophilic  attack.  In  the  reaction  of  chloroprene  oxide  with  alcohols  in  the  presence  of 
boron  fluoride,  the  chlorine  atom  cannot  shift  the  rupture  of  the  oxide  ring  toward  C2  since  only  in  such  a  rupture 
of  the  oxide  bond  does  stabilization  occur  due  to  a  conjugated  Intermediate  complex. 


It  sliould  be  noted  that  the  order  of  addition  of  alcohols  to  an  unsaturated  halogeir-substituted  oxide  differs 
from  the  order  of  their  addition  to  a  saturated  oxide  of  the  same  type.  In  the  latter  case  the  nature  of  the  catalyst 
tells  considerably  less  about  the  order  of  addition,  and  there  is  alw'ays  preference  for  the  secondary  alcohols  [8]. 
Such  behavior  of  the  saturated  substituted  oxides  is  explained  by  the  vicinal  effect  [9,  10].  In  the  case  of  halogen- 
substituted  vinyl  oxides  there  is  first  decreased  the  polarization  of  the  C-Hal  bond,  and  second,  a  marked  role  is 
played  by  the  above-mentioned  stabilization  of  the  conjugated  intermediate  complex. 


EX  PERIMENTAL 

Chloroprene  oxide  was  obtained  from  chloroprene  through  the  bromohydrin  by  the  method  described  previ¬ 
ously  [G]. 

Addition  of  alcohols  in  the  presence  of  boron  fluoride  ctherate.  a)  Addition  of  methyl  alcohol.  To  a  solu¬ 
tion  of  10  g  of  chloroprene  oxide  in  a  ten  fold  excess  of  methyl  alcohol  with  cooling  to  0  to  -3*  we  added  0.2  ml 
of  boron  fluoride  ctherate.  The  reaction  mixture  was  stirred  for  two  hours  with  cooling  and  then  for  three  hours 
at  room  temperature,  after  which  the  boron  fluoride  was  decomposed  by  addition  of  0.4  ml  of  0.5  N  KOH.  The  al- 
cohol  was  distilled  off  at  ordinary  pressure  and  the  reaction  product  was  distilled  in  a  vacuum.  The  yield  of  2- 
methoxy-3-chloro-3-buten-l -ol  was  8  gCGl.SV^). 

B.p.  82-83”  (20  mm),  d^^®  1.1479,  nD^”  1.4610,  MR  32.65;  Calc.  32.89. 

Found  %:  C  43.84;  H  6.78;  Cl  25.58,  25.97;  primary  alcohol  (phthalation)  [11]  99.5.  C5H9O2CI.  Calculated  % 
C  43.96;  H  6.64;  Cl  26.96. 

We  slowly  distilled  5.1  g  of  the  substance  over  8.5  g  of  powdered  KOH  so  that  the  temperature  of  the  vapor 
did  not  rise  above  104*.  The  upper  layer  of  distillate  was  separated  from  the  water,  dried  v/ith  potash,  and  distilled 
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in  a  vacuum.  We  obtained  about  1.3  g  of  chloromethoxyprcnc  with  b.p.  55-60*  (40  mm)  [12].  The  subst«ance  | 

dissolved  in  the  cold  in  2''io  llzSO^,  being  converted  to  methyl  chlotovinyl  ketone, whose  2,4-di:iitrophcnylhydra- 
zone  had  a  m.p.  153-15-r  (from  alcohol). 

Pound  M  20.0-1.  CipHAN^Cl.  Calculated  N  19.67. 

b)  Addition  of  ethyl  alcohol.  From  10  g  of  chloroprcr.e  oxide  under  the  conditions  described  above  we  ob¬ 
tained  3  g  (55.5/0)  of  2-ethoxy-3-chloro-3-bulen-l -ol. 

B.p.  37-83’  (20  mrn),  dj*”  1.0960,  nD*°  1.4575,  MR  37.46;  Calc.  37.48. 

Pound  %  C  47.92;  H  7.33;  Cl  23.19;  primary  alcohol  99.1.  CcHjiOiCl.  Calculated  %  C  47.85;  H  7.36; 

Cl  23.51. 

Dehydration  of  4.3  g  of  the  substance  under  the  above  condidons  gave  1.2  g  of  ethoxychloroprene,  which 
was  then  converted  into  methyl  chlorovinyl  ketone.  The  2,4-dinltropheny!hydrazone, nif>.  153-154* (from  alcohol). 

Addition  of  alcohols  in  the  presence  of  alcoholates.  Addition  of  methyl  alcohol.  A  solution  of  10  g  of 
chloroprene  oxide  in  methyl  alcohol  (twenty  fold  excess)  in  which  had  first  been  dissolved  0.5  g  of  metallic  sodium 
was  heated  for  six  hours  under  reflux  on  a  water  bath,  after  which  the  excess  methyl  alcohol  was  distilled  with  a 
rectifying  column  and  the  residue  dinUled  in  a  vacuum.  We  thus  obtained  6  g  {  on  the  oxide)  of  a  mixture  of 
1  -methoxy-3-chloro-3-buten-2-ol  and  2-methoxy-3-chloro-3-buten-l -ol. 

B.p.  77-78*  (20  mm),  1.1323,  nD*®  1.4595,  MR  .33.00;  Calc.  32.89. 

Pound  7o:  C  43.86;  H  6.77;  Cl  25.57;  primary  alcohol  30.5,  31.8.  CgHcP^Cl.  Calculated  7o:  C  43.96;  H  6.64; 

Cl  25.96. 

We  dissolved  5.6  g  of  the  substance  in  20  ml  of  chloroform  and  brominated  it  with  cooling  (0*)  and  stirring 
of  the  chloroform  solution  of  7  g  of  bromine.  We  obtained  8.5  g  of  dibromide. 

B.p.  124*  (5  mm),  d^^®  1.8570,  nD*®  1.5343,  MR  49.80;  Calc.  49.95. 

Pound  7o:  Cl  I  2Br  65.66,  65.61.  CslIjOClBrz.  Calculated  Cl  +  2Cr  65.65. 

The  dibromide  was  dissolved  in  acetic  acid  and  the  resulting  solution  was  treated  with  the  calculated  amount 
of  potassium  bichromate  and  then  at  20*  (external  cooling)  and  good  stirring  we  added  dropwise  25%  II2SO4  (the  cal¬ 
culated  amount).  After  the  mixture  was  neutralized,  the  ketone  v/as  extracted  with  ether  in  a  mechanical  extractor, 
the  ether  was  distilled  off,  and  the  residiic  wi’hout  distillation  was  reduced  with  2'y>>  sodium  amalgam  (400  g)  in 
acetic  acid. 

Prom  the  resulting  solution  we  isolated  about  1.5  g  of  meihoxyntethylethyl  ketone  with  b.p.  128-135*,  The 
2,4-dinitrophcnylhydrazone  had  m.p.  197.5*  (from  ethyl  acetate)  which  agrees  with  the  literature  data  [1]. 

b)  Addition  of  ethyl  alcohol.  From  10  g  of  oxide  we  obtained  9.5  g  (60%)  of  a  mixture  of  l-ethoxy-3-chloro- 
3-butcn-2-ol  and  2-ethoxy-3-chloro-3-buten-l-ol. 

B.p.  84.5-85.5*  (20  mm),  84^®  1.0914,  nD*®  1.4568,  MR  37.57;  Calc.  37.48. 

Pound  7o:  C  48.03;  H  7.32;  Cl  23.16;  prim.ary  alcohol  37.1,  35.7.  CgHuOjCl.  Calculated  7o:  C  47.85; 

H  7.36;  Cl  23.54. 

Bromination  of  the  substance,  oxidation  of  the  bromohydrin,  and  reduction  of  the  resulting  ketone  gave 
cthoxymcthylethyl  ketone.  The  2,4-dinitrophenylhydtazone  had  m.p.  145-146*  (from  ethyl  acetate)  which  agreed 
with  the  literature  data  [1]. 


SUMMARY 

1.  We  have  studied  the  order  of  addition  of  methyl  and  ethyl  alcohols  to  chloroprene  oxide  in  the  presence 
of  boron  fluoride  ctheratc  and  alcoholates. 

2.  We  have  established  that  in  the  presence  of  boron  fluoride  there  occurs  formation  of  a  prim.ary  alcohol, 
and  in  the  presence  of  alcoholates,  of  a  secondary  alcohol  with  an  admixture  of  about  357«  of  the  primary  alcohol. 
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3.  We  have  suggested  a  mechanisnifor  the  influence  of  the  chlorine  atom  on  the  order  of  rupture  of  the 
oxide  ring  in  alkaline  and  acid  catalysL"!. 
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In  recent  years  in  our  laboratory  wc  have  studied  some  of  the  mam  regularities  in  the  reactivities  of  differ¬ 
ent  types  of  structures  of  vinylacctylene  hydrocarbons  in  relation  to  electrophilic,  nucleophilic,  and  radical  rea¬ 
gents  and  have  studied  especially  the  reaction  of  vinylacetylenes  with  lithium  alkyls  [1],  lithium  amides  [2],  and 
diazonium  salts  [3].  VVe  have  shown  that  these  reactions  usually  occur  at  the  cthylenic  bond  with  formation  of 
acetylene  (3,4-dcrivatives)  or  allene  (1,4-derivatives).  Thus,  for  example,  in  the chloroarylatlonof  vinylacctylene 
there  is  obtained  a  mixture  of  2-chloroaryl-3-btityne  and,apparcntly,  4-chloroatyl-2,3-butadiene  [3], 

The  reaction  of  chloroarylation  of  vinyl  and  isopropcnylacctylene  was  studied  in  detail  previously  by  A.  V. 
Dombrovskii  [4]  but  the  formation  of  allenic  comp)ounds  was  not  noted  by  him. 

Cliloroarylation  of  vinylalkylacctylenes  has  not  yet  been  studied.  Also,  the  reaction  of  vinylalkylacetylenes 
with  diazonium  salts  is  of  considerable  interest  since  in  these  compounds  there  are  differently  polarized  conjugated 
systems  under  the  influence  of  radicals  than  in  unsubstituted  vinylacctylene. 


hC  =  C-^^^=CH2  ^C^-CH=Qh2 

(CH, 


Our  studies  were  of  the  chloroarylation  of  vinylethylacetylene  by  the  action  of  phenyl-,  p-tolyl-,  p-chloro- 
phenyl-,  and  p-anisyldiazonium  chlorides.  In  all  cases  wc  obtained  substances  with  the  formula  Ar-CcH8Cl. 

As  a  result  of  the  reaction  with  diazonium  salts  we  can  here  expect  the  formation  of  six  different  products; 


Calls -Cr=r.-ClICl-CH2-Ar  (1) 

C2Ms-CC1=C-=CM— Clla-Ar  (II) 
Colls-G—CCl-Cll-^CIIi  (HI) 
I 

Ar 

(Ml5-C=:C-=CH-Cl!2-Cl  (IV) 

I 

Ar 


C2H5— CC1=C— CI!^--CHa  (V) 

I 

Ar 

Col  I5-  C=C— C 1 1  -  C  H2CI  ( V I ) 

I 

Ar 


The  choice  between  all  the  possible  formulas  for  the  substance  actually  obtained  in  the  reaction  of  vinyl¬ 
ethylacetylene  with  phenyl  diazonium  chloride  was  made  by  us  on  the  basis  of  a  study  of  their  catalytic  hydro¬ 
genation,  ozonization,  and  infrared  spectra. 


•Eiiyne  compounds.  XLIV 
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Transmission, 


_i 


a)  As  a  result  of  hydrogenation  of  plicnyl-chlorohexync 
and  hexadienc  (I)-(VI)  we  can  expect  formation  of  three  phenyl - 
hexanes:  1-phenylhexanc  from  (I)  and  (II),  2-phenylhexane  from 
(VI),  and  3-phenylhexane  from  (III),  (IV),  and  (V).  All  these 
phenylhexanes  are  described  in  the  literature  and  differ  greatly 
in  boiling  point  and  infrared  spectra  (Fig.  1). 

In  the  Infrared  spectra  of  the  isomers  with  branched  chains 
there  is  an  intense  band  at  1092  cm"*  which  is  absent  in  the 
spectrum  of  1 -phenylhexane.  2-Phenylhexane  differs  from  its 
isomers  by  an  intense  absorption  in  the  region  1011  cm"*,  and 
3-phcnylhcxane  has  the  same  intense  absorption  in  the  region 
of  801  cm"*.  There  are  other  differences  in  the  intensity  of 
bands  in  the  region  8S0-920  cm 


-1 


The  boiling  point  and  infrared  spectrum  of  the  phenyl¬ 
hexane  obtained  as  a  result  of  hydrogenation  of  the  product  of 
chloroarylation  of  vinylethylacetylene  agreed  with  the  data 
for  1 -phenylhexane.  The  low  frequencies  in  tlie  region  801, 

1011,  and  1092  cm"*  do  not  occur  in  this  spectrum.  Thus  it 
was  established  that  chlorophcnylation  of  vinylethylacetylene 
goes  with  formation  of  substances  with  only  the  normal  struc¬ 
ture,  and  so  formulas(III)-(  VI)  are  excluded. 

b)  In  the  infrared  spectrum  of  the  product  of  chlorophcnyla 
tion  of  vinyletliylacetylene  there  is  a  rather  intense  absorption 
in  the  region  of  2220  cm"*  and  a  weak  absorption  at  1970  cm 
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Fig.  1.  Infrared  transmission  spectra  (100  p ). 
1)  3-Phenylhcxano.;  2)  2-phenylhexane:  3)  1- 
phcnylhcxanc;  4)  product  of  hydrogenation  of 
2-chloro-l-phenyl-3-hexyne  with  an  admix¬ 
ture  of  allcnc  isomer. 


Hence  this  is  2-chloro-l -phenyl-3-hexyne  (I)  with  a  slight 
admixture  of  the  allenic  isomer  (11)  (Fig.  2,  curve  2). 

These  conclusions  as  to  the  structure  of  products  of  chloro¬ 
phcnylation  of  vinylethylacetylene  can  be  extended  also  to 
other  products  of  chloroarylation,  since  their  infrared  sjscctra 
are  of  the  same  type.  For  instance,  in  all  the  spectra  we  find 
the  same  ratio  in  intensity  of  bands  at  2220  and  1970  cm"*, 
the  absence  of  an  intense  band  in  the  region  above  3050  cm"*  and  in  the  region  of  970-1000  cm"*,  which  could 
indicate  the  presence  of  the  third  possible  isomer  with  conjugated  double  bonds.  The  intensity  of  the  frequency 
of  valence  oscillation  of  the  double  bonds  (benzene  ring)  is  small  in  all  the  spectra  except  the  spectrum  of  chloro- 
anisylhcxync;  the  liigh  intensity  of  this  frequency  is  characteristic  for  the  spectrum  of  unsubstituted  anisolc  also 
(Fig.  2,  curves  3-5). 

c)  As  a  result  of  ozonization  of  the  chlorophenylation  products  we  obtained  propionic  and  evidently  a-chloro 
hydrocinnamic  acid,  that  is,  substances  wliich  correspond  to  formula  (I).  Ketones  which  could  be  given  by  isomers 
(III),  (IV),  and  (V)  w'cre  not  found.  Plicnylacetic  acid  was  also  not  isolated,  so  that  isomer  (II)  was  evidently  pre¬ 
sent  in  small  an)ount. 

Thus,  as  a  result  of  this  study  it  was  established  that  the  reaction  of  chloroarylation  of  vinylacctylencs  occurs 
at  a  position  on  tlic  double  bond  independent  of  the  distribution  of  electron  density  in  their  molecules.  The  posi¬ 
tion  taken  by  the  aryl  radical  is  always  the  end  carbon  atom  of  this  conjugated  system.  In  distinction  from  vinyl- 
acetylcnc,  vinylethylacetylene  preferably  forms  acetylene  isomer  (I);  hence  the  presence  of  a  radical  on  the  triple 
bond  increases  tlic  activity  of  the  double  bond  under  the  influence  of  the  previously  mentioned  electron  shift. 


In  the  liglit  of  these  results  it  is  interesting  to  determine  the  direction  of  chloroarylation  of  vinylisopropenyl- 
acetylene,  which  has  two  double  bonds  with  different  relationships  conjugated  with  the  triple  bond. 

Electrophilic  addition  of  alkyl  hypobromites  to  vinylisopropenylacetylcne  occurs  on  the  isopropcnyl  group 
[5],  radical  addition  of  lithium  alkyls  is  preferably  on  the  vinyl  group  [G],  and  finally,  nucleopliilic  addition  of 
alcohols  and  water  is  on  the  acetylene  bond  [7]. 
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Fig.  2.  Infrared  spectra  of  chloroarylation  products.  1)  Vinylacety- 
Icnc  with  phcnyldiazoniuni  cliloride,  2)  vinylcthylacctylene  with 
phcnyldiazoniurn  chloride,  3)  vinylethylacetylcne  with  p-tolyldia- 
zonium  chloride,  4)  vinylethylacetylcne  with  p-chloropheiiyldia- 
zoniuni  chloride,  5)  vinylcthylacctylene  with  p-anisyldiazonium 
chloride,  6)  vinylisopropcnylacetylene  with  phcnyldiazoniurn  chlo- 
.  ride. 

Conclusionson  the  structure  of  the  products  of  chlorophenylation  of  vinylisopropcnylacetylene  were  made 
by  us  on  the  basis  of  comparison  of  their  infrared  spectra  with  the  spectrum  of  the  starting  hydrocarbon.  In  the 
spectrum  of  the  hydrocarbon  there  were  characteristic  frequencies  for  the  vinyl  group  (920  and  980  cm"^)  and 
for  the  isopropenyl  group  (890  cm"^)  [5],  In  the  spectra  of  the  products  of  chloroarylation  there  remained  a  very 
intense  frequency  for  the  isopropenyl  group,  and  there  was  a  marked  decrease  in  intensity  of  the  frequency  at 
900-1000  cm"\ which  could  be  assigned  to  the  vinyl  group. 

Thus  it  was  established  that  chloroarylation  of  vinyl isopropenylacetylcnc  occurs  preferably  on  the  vinyl 
group,  that  is,  in  the  same  way  as  was  shown  for  the  other  reactions  of  addition  of  radicals.  Evidently  the  chief 
role  here  is  played  by  special  hindrance;  the  methyl  radical  screens  the  double  bond. 

We  should  also  note  that  in  the  case  of  vinylisopropcnylacetylene  there  is  formed  more  of  tlie  allene  Isomer 
than  in  the  case  of  vinyletliylacetylene.  This  is  explained  by  the  contrary  results  of  the  effect  of  an  isopropenyl 
group  on  the  conjugated  vinylacetylene  system  as  compared  to  the  ethyl  radical. 


2513 


EX  PERIMENTA  L 


Chloroarylation  of  vinylcthylacctylenc.  Vinylcthylaceiylciie  was 
obtained  from  sodium  vinylacetylidc  and  ethyl  bromide  in  liquid  ammonia 
[8]:  vinylisopropenylacctylcne  resulted  from  dehydration  of  dimeihylvinyl- 
acetylcnyl  carbinol  [9], 

The  method  of  chloroarylation  did  not  differ  from  that  worked  out 
by  A.  V.  Dombrovskii  [4]. 

The  yield,  constants,  and  analytical  results  for  all  the  products  of 
chloroarylation  are  given  in  the  table. 

Hydrogenation  of  2-chloro-l-phenyl-3-hexyne.  Hydrogenation  of 
9.4  g  of  the  substance  was  canied  out  in  75  ml  of  methyl  alcohol  in  the 
presence  of  15  g  of  Pd/CaCOs  for  4.5  hours.  There  was  absorption  of  3235 
ml  of  H2  (762.4  mm,  23*), which  corresponded  to  89.1%. 

The  reaction  product  was  distilled  with  steam,  salted  out  of  the 
distillate  by  a  saturated  solution  of  CaCl2,  dried,  and  vacuum  distilled. 

We  obtained  6.4  g  of  hydrocarbon  with  an  admixture  of  chloride.  By  frac¬ 
tionation  from  this  mixture  wc  obtained  about  4  g  of  1-phenylhexanc,  B.p. 
109-110*  (20  mm),  d^*®  0.8583,  nD*°  1.4872. 

Another  synthesis  of  1-phenylhexanc  was  carried  out  in  the  following 
way.  From  cinnamaldehydc  and  propyl  bronride  by  the  magnesium  organic 
method  we  obtained  1 -phenyl -1-hexen -3 -ol.  By  the  action  of  phosphorus 
trichloride  the  alcohol  was  converted  to  the  chloride.  We  hydrogenated 
8.6  g  of  3-chloro-l -phenyl-1 -hexene  over  Pd/CaC03  (11  g)  until  2615  ml 
of  H2  had  been  absorbed  (758.5  mm,  22.5*),  which  corresponded  to  96.4%. 

Wc  isolated  front  the  reaction  mixture  by  the  method  of  the  previous  ex- 
perUnents  6.8  g  of  1-phenyllicxanc.  B.p.  109-110"  (20  mm),  d^*®  0.8578, 
nD*®  1.4872. 

According  to  constants  and  infrared  spectrum,  this  sample  did  not 
differ  from  that  obtained  by  hydrogenation  of  the  product  of  chlorophenyla- 
tion  of  vinylethylacetylenc  (Fig.  1,  curves  3  and  4). 

The  isomeric  2-phcnylhexane  was  obtained  by  hydrogenation  of 
2-chloro-2-phenylhcxane.  The  alcohol  which  corresponded  to  this  chloride 
was  obtained  from  acetophenone  andbutyl  bromide  by  the  magnesium  or¬ 
ganic  synthesis.  In  the  hydrogenation  of  9.45  g  of  the  chloride  we  used 
1096  ml  of  H2  (771  mm,  23*)  during  12  hours,  which  corresponded  to  93%. 
We  obtained  6  g  of  product  of  hydrogenation,  from  which  wc  isolated 
about  4  g  of  2-plienylhexane.  B.p.  100-101*  (20  mm),  0.8608,  nll^® 
1.4868.  The  infrared  spectrum  is  given  in  Fig.  1,  curve  2. 

3-Phenylhexane  was  obtained  by  hydrogenation  of  3-cbloro-3-phenyl- 
hexanc.  The  corresponding  alcohol  was  prepared  from  bromobcnzcnc  and 
ethylpropyl  ketone  by  the  magnesium  organic  synthesis.  In  the  hydrogena¬ 
tion  of  8.58  g  of  chloride  we  used  1112  ml  of  H2  (770  mm,  22*)  which  cor¬ 
responded  to  9-1%.  Distillation  of  the  reaction  product  gave  3.5  g  of  3- 
phenylhexane.  B.p.  94.5-95"  (20  mm),  d/°  0.8617,  iiD’’®  1.4870.  The  in¬ 
frared  spectrum  is  given  in  Fig.  1,  curve  1. 

The  constants  for  the  three  plienylhcxane  isomers  given  in  this  paper 
are  close  to  those  given  earlier  in  the  literature  [10]. 

Ozonolysisof2-chloro-l-phenyl-3  -hexync.  nsaresult  of  ozoniza- 
tion  of  4.2  g  of  the  substance  during  7  hours  and  the  usual  treatment  of 
the  mixture,  wc  obtained  propionic  acid  with  b.p.  51*  (20  mm),  nD*° 


1.3889.  Analysis  of  its  silver  salt  (after  rccrystallization  from  water)  was  carried  out. 


2514 


Found  C  21.38,  21.33;  H  3.10,  3.13;  Ag  G0.45,  60.60.  CsHsO^Ag.  Calculated  °Jo-.  C  19.91;  11  2.78; 

Ag  59.66. 

The  residue  after  distillation  of  the  propionic  acid  was  recrystallizcd.  M.p.  45-46*  (from  ligroin). 

Found  "h  Cl  17.99,  17.80.  CgHgOjCl.  Calculated  1o:  Cl  19.20. 

Chlorophenylatioi)  of  vinyl isopropcnylacetylene.  From  24  g  of  vinylisopropenylacetylcne  and  17  g  of  aniline 
by  the  usual  method  we  obtained  10.3  g  of  chloroarylation  product. 

B.p.  ns-ior  (1  mm),  84^®  1.0265,  nD^®  1.5744,  MR  65.72;  Calc.  61.03. 

The  infrared  spectrum  is  given  in  Fig.  2,  curve  6. 

SU  M  MA  RY 

1.  We  have  studied  the  action  of  diazonium  salts  on  vinylethyl-  and  vinylisopropenylacetylenes. 

2.  We  have  shown  that  the  aryl  radicals  in  all  cases  add  to  the  end  carbon  atom,  and  in  the  case  of  vinyliso 
propcnylacetylcne  preferably  on  the  vinyl  group. 

3.  We  have  shown  that  in  distinction  from  vinylacetylene,  vinylethylacetylene  forms  preferably  2-chloro- 
1 -aryl-3-he.\cnc;  the  allenc  isomer  is  obtained  in  considerably  smaller  amount. 
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In  order  to  establish  the  nature  of  the  effect  of  lengthening  the  hydrocarbon  chain  which  is  contained  as  a 
repeating  structural  unit  in  6-diketonc  grouping  — C — CII3 — C — ,  we  carried  out  a  study  of  the  infrared  ab- 

0 

sorption  spectra  of  some  products  of  ester  condensation  of  esters  of  levulinic  acid  (I,  R  =  H)  and  B -mcthyllevulinic 
acid  (I,  R  =  CM3). 


II 

0 


•  cii,~c-cii-(;ii.-cooc,!t,  ►  cn,-c-cii-cii,-G-cii,-c-cii-cn,-cooc,Uj-> 

II  I  '  II  I  II  II  I 

o  Jt  U  Ji  O  O  It 

(I)  (D) 

->  C!i,-co-cir-CH,-c  cn,-c-c»-CH,-c-cn,-r,~cii-cu,-cOoc,H,  .• 

I  II  II  I  II  II  I 

Jt  o  O  11  O  O  Jl 

(Ml) 

r,ii,  -co-cii-cii.~c-  cn,-c-r.ii  -cii,-  c-cHj-c-cii-c.ii^-c-cii.-c-ch-cii.-cooc.h, 
I  II  II  I  II  II  I  II  !l  I 

u  o  o  Ji  0  o  u  o  .0  11 

(IV) 

K  =  11.  ClI.. 


A  number  of  investigations  report  the  behavior  of  derivatives  of  fi -diketones  with  respect  to  their  ability 
to  enolizc  and  form  metallic  derivatives  [1-6],  but  in  most  of  tliem  compounds  were  studied  which  had  only  one 
grouping  — C — (111., — C—  .  The  substances  used  in  the  present  work  were  groups  of  compounds  which  had  one, 

II  "  11 

0  0 

two,  and  three  of  such  groupings,  joined  to  each  other  by  linear  chains  through  two  carbon  atoms. 

In  the  spectra  of  most  B-diketoncs  which  have  been  studied  there  were  wide,  strong  bands  in  the  region  of 
1610  cm'*  whose  presence  is  explained  by  a  considerable  degree  of  cnolization  with  formation  of  a  chelate  hydro¬ 
gen  bond:  — (’— Cll — C —  .  This  band  was  assigned  to  a  valence  oscillation  of  the  group  C  =  O  [2],  and  its  iin- 

I  II 

()— ll...() 

usually  great  shift  compared  to  the  "normal"  position  (1720  cm'*)  was  explained:  a)  by  conjugation  with  the  double 
bond  C  =  C,  and  b)  the  formation  of  ihe  hydrogen  bond  which  produces  a  six-membered  chelate  ring. 
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The  rcsiiU  of  condensation  of  ctliyl  levulinate  and  ethyl  8 -methyllevulinate  with  ethyl  4,6,9-tri!<ctocapratc 
(II,  R  =  ID  [7]  and  ethyl  .'l,8-dinicthyl-4,6,9-triketoca prate  (If,  R  =  CH3)  [3]  is  to  produce  compounds  which  have  the 
structure  of  substituted  8 -diketones.  Their  spectra  In  the  region  mentioned  above  show  a  marked  absorption  at 
1620  cm'*  which  agrees  with  the  position  of  analogous  bands  in  acctylacetone  (1615  cm"*).  This  makes  it  possible 
to  conclude  that  there  is  present  in  compounds  (II,  R  =  H,  CH3)  a  chelated  enol  form.  The  intensity  of  this  band 
is  slight,  corresponding  to  (w)  and  (m),  while  the  presence  of  an  intense  band  at  1700  (s)  cm"*  in  (II,  R  =  H)  and 
1720  (m)  cm"*  in  (II,  R  =  c;if3)  indicates  the  presence  of  a  considerable  quantity  of  the  ketone  for m.and  correspond¬ 
ing  to  this,  alkaline  titration  of  these  compounds  shows  that  the  enol  form  amounts  to  about  30-40‘7'’.  Also,  esters 
of  the  triketocapric  acids  ( H,  R  =  H,  CII3)  show  two  bands  in  the  region  1735  (s)  and  1775  (s)  cm"*  which  belong 
to  the  absorption  of  terminal  isolated  koto  and  ester  groups  respectively.  The  value  of  1735  cm"*  is  somewhat  high 
for  valence  oscillation  of  an  isolated  keto  group  as  compared  to  the  generally  accepted  average  of  1720  cm"*;  this 
inerease  is  explained  by  the  fact  that  the  samples  of  these  compounds  studied  v/ere  in  the  liquid  state  and  not  in 
solution.  An  analogous  increase  in  frequency  of  valence  oscillation  of  the  C  -  O  group  in  condensed  samples  as 
compared  to  solvents  was  noted  earlier  also  in  samples  of  other  ketones  [10^  • 

In  the  spectrum  of  the  monoscmicarbazonc  of  4,6,9-triketocapric  acid  (V)  the  1735  cm"*  band  vanishes 
v.'hile  the  bands  at  1775  (m)  and  1700  (s)  are  kept.  On  the  other  hand,  in  the  spectrum  of  compound  (VI)  obtained 
by  hydrogenation  of  ethyl  3,8-dimeihyl-4,6,9-iriketocaprate  (II,  R  =  CII3)  in  the  presence  of  a  skeletal  nickel 
catalyst  at  132-133*  and  100  atm,  the  bands  1775  (rn)  and  1735  (s)  remain  while  the  bands  1720  and  1620  cm"* 
disappear,  which  once  more  confirms  the  correctness  of  the  interpretation  of  the  spectra  given  above.  Di  the  ab¬ 
sorption  spectrum  of  compound  (VI)  we  can  sec  a  strong  band  near  980  cm"*  which  agrees  in  its  position  with  the 
absorption  of  the  cyclic  oxide  of  trimcthylenc  [11]. 


cii.-c— cii2-i:ii2-<’-cii.,-G-cn2— G1I2  -goom 

II  11  "  II 

NII.CONIIN  U  O 


CM  -Cll.-Gll-CII— Glla-GOOGzlIs 

‘  11  I  ■  \  V  I 

0  GII3  (;m-5 

(VI) 


On  further  condensation  of  the  ester  (II,  R  =  II)  with  ethyl  levulinate  we  obtained  the  ethyl  ester  of  4,6,9,11,14 
pentakctopcntadccanoic  acid  (III,  R  -  H)  [12], which  has  two  pairs  of  B-diketo  groups.  In  an  analogous  way  from 
substance  (ll,  R  =  CH3)  we  obtained  the  ethyl  ester  of  3, 8 ,13-trimethyl -4, 6,9, 11 ,14-pentaketopcntadccanoic  acid 
[13].  With  a  divalent  copper  cation  these  compounds  form  enolates  whose  spectra  show  very  strong  absorption  in 
the  region  1620  (s)  and  1560  (s)  cm"*.  The  intensity  of  absorption  of  the  unbound  C  =  O  group  in  the  keto  form 
(1700-1735  cm"*)  is  lowered  markedly.  Characteristic  of  the  copper  complexes  of  fl-diketones  arc  strong  bands 
[1,4,6,14,15]  in  the  region  1580-1560  cm"*  which  can  be  related  to  the  valence  oscillation  of  the  carbonyl  group 
which  occurs  under  the  influence  of  a  two  fold  decrease  due  to  conjugation  with  the  double  bond  C  =  C  and  for¬ 
mation  of  a  chelate,  here  with  the  copper  atom. 


-G-_-=GlI  — G— 


II 

O 


Thus  the  appearance  of  the  strong  band  at  1560  cm"*  in  the  spectrum  of  the  copper  deriv^ative  of  (III,  R  =  H) 
indicates  the  formation  of  a  stable  copper  chelate,  and  the  presence  in  this  spectrum  in  addition  of  the  1620  cm"* 
band,  which  most  naturally  belongs  to  the  valence  oscillation  of  the  C  =  C  bond  conjugated  with  the  carbonyl  group 
[2,  16],  once  more  confirms  the  existence  of  this  chelate.  The  absorption  in  the  region  1700-1735  cm"*,  which, 
though  greatly  weakened,  yet  still  remains,  is  due  to  the  free  keto  and  ester  grouj  s. 

In  the  condensation  of  compound  (II,  R  =  H)  with  itself  there  is  formed  the  ethyl  ester  of  4,6,9,11,14,16,  19- 
heptaketoicosanoic  acid  (IV,  R  =  H), which  already  has  three  S-diketo  groups.  Its  spectrum  shows  only  slight 
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absorption  in  the  region  1G20  cm"*  (v.w.)  (enol  form),  and  at  the  same  tUne  it  has  bands  at  1715  (s),  1740  (s), 
and  1775  (in)  cm**,  which,  as  in  the  previous  interpretation  of  absorption  in  this  region,  can  beassigned  res^)ec- 
tivcly  to  internal  oscillation  of  the  keto,  terminal  keto,  and  ester  groups.  Thus,  from  the  absorption  spectrum  of 
compound  (IV,  R  =  11)  it  follows  that  in  tire  free  state  the  existence  of  the  keto  form  is  favored.  However,  deter¬ 
mination  of  the  molecular  refraction  of  the  substance  (IV,  R  =  H)  in  dioxanc  solution  [12](MRj)  109.00,  calculated 
108.7  for  the  enol  form  and  105.5  for  the  keto  form)  and  the  results  of  alkali  titration  (OS.SO’/o  enol  form)  indicate 
the  full  enol  form.  Evidently  here  wc  are  dealing  with  different  conditions  of  existence  of  the  molecule  in  the  con¬ 
densed  state  and  in  solution,  where  there  can  be  a  dynamic  equilibrium  between  the  two  forms,  so  that  a  purely 
chemical  process  cannot  give  unchanged  and  definitive  results  [17]. 

The  picture  is  changed  with  the  formation  of  the  copper  complex  of  this  compound.  As  in  the  case  of  com¬ 
pound  (III,  R  =  M)  tlicrc  are  two  strong  bands  1620  (s)  and  1570  (s)  cm"*  w’hich  show  the  presence  of  chelate  forma¬ 
tion  and  the  absorption  in  the  region  of  the  keto  form  (1700-1735  cm"*)  falls  sharply  while  a  weak  band  remains 
near  1720  cm"*  (v.w.).  This  fact  recalls  that  in  the  previously  studied  chelates  the  oscillation  of  the  double  bond 
C  =  C  conjugated  with  the  C  =  O  group  was  only  slightly  active  in  the  infrared  spectra.  The  absorption  of  the  double 
bond,  if  it  exists,  is  masked  by  the  absorption  of  the  bond  C  =  O  at  1610  cm"*  and  also  remains  little  noticed  after 
the  disapjx:arance  of  this  band  in  the  formation  of  the  copper  chelate  [1).  In  our  examples  of  the  copper  complexes 
of  compounds  (III  and  IV,  R  =  H,  CH3)  the  double  bond  C  =  C  in  each  case  gives  strong  absorption  at  1620  cm"*; 
this  fact  can  indicate  in  our  case  a  difference  in  conditions  of  symmetry  of  the  molecule  as  compared  to  the  pre¬ 
viously  studied  examples  of  6 -diketones  with  single  pairs  of  keto  groups. 

SUMMARY 

1.  VJc  have  studied  the  infrared  absorption  spectra  of  a  scries  of  substituted  0-dikctones  which  have  one,  two, 
and  three  6 -diketo  groupings,  and  also  chelates  of  these  compounds. 

2.  Lengthening  the  linear  chain  of  B -diketo  compounds  docs  not  permit  their  enolization,  and  in  the  free 
state  favors  the  existence  of  tlicir  keto  forms,  although  in  solution  the  enol  form  can  predominate. 

3.  The  copper  cnolatcs  of  the  ethyl  esters  of  4,6,9,11,14-pentaketopcntadecanoic,  3,8,13-trimethyl -4, 6, 9, 

1 1 ,14-pcntakctopcntadccanoic,  4 ,6,9,11,14,1 6,19-heptakctoicosanoic,  and  3,8,13,18-tetramethyl -4, 6,9,11, 14, 16,19- 
heptakctoicosanoic  acids  are  clear  chelate  forms  with  cliaracteristic  frequencies  in  the  region  1570-1560  cm"*. 

Also  in  these  compounds  the  valence  oscillation  of  the  C  =  C  bond  conjugated  with  the  C  =  O  group  is  active  in 
the  infrared  spectrum  and  gives  a  strong  band  near  1620  cm"*. 
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THH  SYNTHESIS  OF  ESTERS  OF 


3,8J3-TRIMETHYL-4,6,0,ll,14-P£NTAKElO- 
PENT  A  DEC  A  NOIC  AND  2,8.13.13-TETRAMETHYL- 
4  ,r,  ,9.1  1  ,14 .1  G.l  9-HEP  FA  KETOICOSA  NOIC  ACIDS 

V.  A,  Glybina,  E.  V.  Okart,  R.  P.  Evstigneeva, 
and  N.  A.  Preobrazhenskii 

Moscow  Institute  of  Fine  Chemical  Technology 
Translated  from  Zhurnal  Obshchei  Kliiinii,  Vol.  30,  No.  8, 
pp.  253G-2539 

Original  article  submitted  July  20,  1959 

The  condensation  of  esters  of  fl -methyllcvulinic  acid  (I,  R  =  C2H5,  CH3)  in  the  presence  of  1  g-atom  of  so¬ 
dium  leads  to  the  corresponding  esters  of  3,8-dimcthyl-4,6,9-triketocapric  acid  (II,  R  =  C2H5,  CH3)  [1]. 

ClIaCOCIICHaCOOll  ->  CM  ,C0(;HCll2C0Cll2C0CHCII,jC0011 

I  I  I 

CM,  CII3  CM, 

(I)  (II) 

Li  the  course  of  a  further  study  of  the  Claisen  condensation  of  esters  of  substituted  levulinic  acids  [1]  we 
studied  the  possibility  of  getting  more  complex  condensation  products.  The  condensation  of  ethyl  8 -methyllevu- 
linate  (I,  R  =  C2H5)  in  the  presence  of  3  g-atoms  of  sodium  led  to  the  ethyl  ester  of  3,8, 13-trimethyl -4 ,6,9, 1 1 ,14- 
pcntakctopentadccauoic  acid  (III,  R  =  C2H5).  In  an  analogous  way  the  condensation  occurs  of  methyl  fl -methyllevu- 
linatc  (I,  R  CH3),  but  this  is  considerably  slower. 

(I)  ->  c;M3C0Ciicn2C0CiDC0CHCH2C0cn2c:0CiiCH2C00R 

I  “I  I 

CM.,  CII3  Clla 

(III) 

The  methyl  ester  of  3,8,13-trimethyl-4,6,9,ll ,14-pentaketopcntadecanoic  acid  (III,  R  =  CII3)  was  also  ob¬ 
tained  in  the  condensation  of  the  ethyl  ester  of  3,8-dimethyl -4, 6, 9-trikctocapric  acid  (II,  R  =  C2H5)  and  methyl 
fl  -methyllcvullnate  (I,  R  =  CH3). 

(II.  R-C.dlj)  1  (I,  R=.CM3)->(III.  R=CM3) 

Condensation  of  the  ethyl  ester  of  3,3-dimethyl -4, 6, 9-triketocapric  acid  (II,  R  =  C2H5)  with  itself  led  to 
the  ethyl  ester  of  3,8, 13,18-tctramethyl -4 ,6,9,11 ,14,16, 19-heptaketoicosanoic  acid  (IV,  R=  C2H5). 

(11,  R^C.dl5)->  Cn3COClICn.GOCIl2COCMCll.COCM.GOCMCIl2COCll2GOCMCH2COOR 

I  I  “  I  I 

GII3  CM;,  0M3  CAU 

(IV) 
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of  sodium  in  30  rnl  of  anhydrous  xylene  was  added  2.2  g  of  the  methyl  ester  of  3, 8, 13-trinicthyl-4,G, 9, 11 ,14-pen- 
la  ketopcntadecanoic  acid  and  0.93  g  of  ethyl  a-niethyllevulinic  acid  (b.p.  78-T9*  at  6  mm).  The  reaction  mass 
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was  heated  with  stirring  under  reflux  for  20  hours.  The  xylol  was  decanted,  the  precipitate  of  salt  was  washed  with 
ether  and  dissolved  in  water.  The  solution  was  acidified  with  hydrochloric  acid  and  extracted  with  ether.  After 
drying  with  sodium  sulfate  the  solvent  was  distilled  off.  The  residue  was  a  yellow  oil  (2  g).  The  copper  enolate 
was  precipitated.  M.p.  190-191*.  After  decomposition  of  the  copper  enolate  with  hydrochloric  acid  we  Isolated 
0.55  g  of  the  substance  (18.570). 

MRq  127.65,  Calcd.  127.14  (for  the  cnol  form). 

Found  7o:  C  63.44,  63.25;  H  7.83,  7.85;  CH3  10.1  (according  to  Kuhn-Roth);  enol  form  89  (alkali  titration). 

M  480.  CjsHasOg.  Calculated  7o:  C  63.14;  H  7.74;  CHj  21.  M  494.56. 

b)  From  1.85  g  of  ethyl  ester  of  3,8,13-trimethyl-4,6,9,ll .I  " -pentakctopcntadecanoic  acid  and  0.75  g  of 
ethyl  a-niKtliyllevulinaie  in  the  presence  of  0.443  g  of  sodium  in  40  ml  of  anhydrous  xylene  we  obtained  1.9  g 
of  condensation  product.  After  distillation  the  yield  was  0.4  g(16.67o).  B.p.  179-182*  (0.09  mm). 

Found  7o;  C  63.31;  11  7.45.  CaeHagOg.  Calculated  7o:  C  63.14;  H  7.74. 

Ethyl  ester  of  3.3,13,18-tetramethyl-4,6.9,ll ,14 ,16,19-heptakctoicosanoic  acid  (VI,  R  =  QHg).  From  6.8  g 
of  ethyl  ester  of  3, 8-dimethyl -4, 6, 9-triketocapric  acid  and  1.15  g  of  sodium  in  anhydrous  xylene  we  obtained  5.6  g 
of  technical  condensation  product.  The  copper  enolate  was  precipitated,  in.p.  193-196*,  from  which  hydrochloric 
acid  gave  2.2  g  {35.5%)  of  the  ester  (IV,  R  =  C2H5). 

MRq  127.00;  Calcd.  124  (for  the  keto  form),  127.14  (for  the  enol  form). 

Found  %:  C  62.88,  63.33;  H  7.67,  7.46;  CH3  9.8  (according  to  Kuhn-Roth);  cnol  form  96  (alkali  titration). 
QsHssOg.  Calculated  %:  C  63.14;  H  7.74;  CH3  21. 

SUMMARY 

We  have  studied  the  Claisen  condensation  of  esters  of  a-  and  6 -methyllevulinic  acids.  We  have  shown 
that, depending  on  the  amount  of  sodium, we  can  obtain  different  condensation  products.  Methyl  0 -methyllevulinate 
reacts  more  slowly  than  the  corresponding  ethyl  ester.  In  the  condensation  of  more  complex  esters  (esters  of  sub¬ 
stituted  capricand pentadecanoic  acids)  with  esters  of  a-methyllevulinic  acid,  acylation  is  by  the  esters  with  more 
complex  structures. 
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Aliphatic  groups  with  the  composition  Cjg  and  higher  form  the  basis  of  a  series  of  biologically  active  natural 
acids,  rnacrocyclic  ketones,  lactones,  and  many  other  compounds  [Ij.  In  connection  with  oiir  studies  on  the  syn¬ 
thesis  of  higher  aliphatic  acids  [2,  3]  we  have  investigated  the  synthesis  of  3-methylhexadecan-l,16-dioic  acid 
(I),  the  chief  intermediate  in  preparing  muscone  [4,  5l. 


CIIaO(CIl2)ioCOOIl  --y  CllaO(CH,,),oCnO 
(ID  (III) 


Cil, 

I 

nrClljC^ClICOoCHj 

(TV) 


CHa 

I 

- ->  C H;;0( C. Ilo) ,oC  11 =C M (:=(: M C 00 C 1  la 

(V) 


CHa 

I 

CllaOiGIl.lioCMCnaCOOClIa— > 
(VI) 


CHa 

I 

^  CHaO(Cii2)i2Ciicn2(:ooii 

(Vll) 


Cfla 

I 

llrfCllili.CMClIaCOOM  — > 
(VIII) 


CHa  CM  a  CHa 

I  I  I 

— >  NC(cn,)i,CHCii2COon  — » iiooc(nn.>),,cncH2r;ooi[  — >  (t;ii..),o-cii 

1  -  -  I 

(IX)  (I)  0—C - Clla 


11-Methoxyundecanal  (III),  obtained  by  reduction  of  11-methoxyundecanoic  acid  (II)  [6]  by  formic  acid 
on  a  manganese  aluminum  catalyst,  was  condensed  with  the  methyl  ester  of  4-bromo-3-methyl-2-butenoic  acid 
(IV)  with  the  aid  of  zinc  and  powdered  copper  [7].  The  methyl  ester  of  4-bromo-3-methyl-2-butcnoic  acid  (IVO 
used  in  the  reaction  was  prepared  by  oxidation  of  mesityl  oxide  with  an  aqueous  solution  of  potassium  hypochlorite 
[8]  followed  by  esterification  and  bromination  with  N-bromosuccinimide  of  the  3-methyl -2-butenoic  acid. 

The  product  of  reaction  of  substances  (III)  and  (IV)  without  separation  and  purification  was  dehydrated  into 
the  methyl  ester  of  15-methoxy-3-methylpentadeca-2,4-dienoic  acid  (V)  and  as  a  result  of  hydrogenation  of  this 
into  compound  (VI)  and  saponification  of  the  latter  we  obtained  15-methoxy-3-methylpentadecanoic  acid  (VII). 

By  the  action  of  hydrogen  bromide  on  compound  (VID  the  methoxy  group  was  replaced  by  bromine,  and  the  re¬ 
sulting  15-bromo-3-methylpcntadecanoic  acid  (VIII)  was  converted  with  sodium  cyanide  into  compound  (IX), which 
was  saponified  into  3-methylhexadecandLoic  acid  (I). 

EXPERIMENTAL 

11-Methoxyundecanal  (III).  Through  a  quartz  tube  containing  35  g  of  manganese-aluminum  catalyst  at 
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395-100’  and  at  a  rate  of  20  ml/hour  wc  passed  a  mixture  of  130  g  of  11-mcthoxyundecauoic  acid  (II)  and  302.5  g 
of  anhydrous  formic  acid.  The  resulting  upper  oily  layer  was  separated  an!  the  lower  layer  was  extracted  with 
ether  (3  x  ICO  ml).  The  combined  extracts  were  neutralized  with  an  aqueous  solution  of  sodium  bicarbonate  and 
dried  with  sodium  sulfate.  After  removal  of  the  solvent,  the  residue  was  distilled.  Yield  75.3  g(62.T7o).  B.p. 
101-103*,  m.p.  24.5-26*. 

Found  <7^  G  71.71;  H  12.10.  01211^^02.  Calculated  C  71.98;  H  12.08. 

Semicarbazone,  m.p.  73-75*  (from  alcohol). 

Found  <70;  N  16.26.  Calculated  <70:  N  16.32. 

Methyl  ester  of  4-bromo-3-n;ethyl-2-but...noic  acid  ( IV).  A  solution  of  95  g  of  N-bromosuccinimide  (b.p. 
172-175’),  56  g  of  methyl  ester  of  3-mcthyl-2-butenoic  acid,  and  0.2-0. 3  g  of  benzoyl  peroxide  was  heated  to 
boiling  for  5.5  hours.  The  solvent  was  removed,  the  precipitate  was  separated  and  washed  with  ether  (2  x  CO  ml). 
After  removal  of  the  solvent  the  residue  was  distilled.  Yield  56.5  g(50.8'7o).  B.p.  92-94*  (11  mm). 

Methyl  ester  of  15-methoxy-3-metI^lpcntadeca-2,4-dienoic  acid  (V).  A  solution  of  16  g  of  11-methoxy- 
undecanal  (IH)  and  19.26  g  of  methyl  ester  of  4-bromo-3-rnethyl-2-butenoic  acid  (IV)  in  20  ml  of  toluene  was 
added  to  a  mixture  of  8  g  of  activated  zinc,  0.8  g  of  copper  powder,  and  30  ml  of  anhydrous  boiling  toluene.  Then 
the  reaction  mixture  was  lieated  for  one  hour,  cooled  to  18-20*,  50  ml  of  10*70  acetic  acid  was  added  and  the  unre¬ 
acted  zinc  and  copper  were  filtered  off.  From  the  mother  liquors  the  upper  layer  was  separated  and  from  the  water 
layer  the  substance  was  removed  by  toluene  (3  x  75  ml).  The  combined  extracts  were  neutralized  with  an  aqueous 
suspension  of  sodium  bicarbonate.  The  solvent  was  removed  and  the  residue  (15.1  g)  was  added  over  a  period  of 
30  minutes  to  a  boiling  mixture  of  6  ml  of  phosphorus  oxychloride,  25  ml  of  benzene,  and  22  ml  of  pyridine.  The 
reaction  mass  was  heated  at  the  boiling  point  for  one  hour,  then  cooled  to  18-20*,  poured  onto  100  g  of  ice,  and 
the  upper  layer  separated;  from  the  water  layer  the  substance  was  removed  with  benzene  (3  x  100  ml).  The  com¬ 
bined  extracts  were  dried  with  sodium  sulfate.  After  removal  of  the  solvent,  the  residue  was  distilled.  Yield  10.7  g 
[45'7o  calculated  on  11 -methoxyundecane  (III)]. 

B.p.  167-170*  (0.4  mm),  d/®  0.9515,  nD^®  1.4769,  MJl  88.06;  Calc.  87.69. 

Found  io:  C  73.22;  H  10.50.  CigH^^OaFz.  Calculated  ‘7'’:  C  72.95;  H  10.88. 

Methyl  ester  of  15-methoxy-3-mothylpcntadecauoic  acid  (VI).  A  solution  of  19.56  g  of  the  methyl  ester  of 
15-inethoxy-3-methylpentadcca-2,4-dienoic  acid  (V)  was  hydrogenated  in  an  autoclave  at 29-35"  for  five  hours 
in  the  presence  of  a  nickel  catalyst  (tlic  initial  hydrogen  pressure  was  135  atm).  The  catalyst  was  separated  from 
tlie  reaction  mass  and  washed  witli  alcohol  (2  x  14  ml).  After  removal  of  the  solvent  the  residue  was  distilled. 
Yield  14.42  g  (72.9*70). 

B.p.  138-141*  (0.4  mm),  d4^®  0.9048,  iij)®  1.4778,  MR  88.86;  Calc.  88.62. 

Found  *70:  C  72.10;  H  11.75.  CiglljeOj.  Calculated  C  71.94;  H  12.08. 

15-Methoxy-3-methylpentadecanoic  acid  (VII).  A  mixture  of  18  ml  of  a  I0?o  potassium  hydroxide  solution 
in  methanol  and  14.42  g  of  the  methyl  ester  of  15-methoxy-2-methylpentadecanoic  acid  (VI)  was  heated  to  boil¬ 
ing  for  five  hours,  the  excess  solvent  was  distilled  off,  and  100  ml  of  water  was  added.  Unsaponified  compound 
(VI)  was  removed  with  ether  (3  x  50  ml)  and  the  water  layer  was  acidified  with  hydrochloric  acid  (d4*®  1.10)  and 
the  substance  was  extracted  with  ether  (2  x  100  ml).  The  combined  extracts  were  dried  with  sodium  sulfate.  After 
removal  of  the  solvent,  the  residue  was  distilled.  Yield  9.3  g  (67.8'7«). 

B.p.  178-179*  (0.7  mm),  d^*®  0.9351,  nD*°  1.4599,  MR  83.85;  Calc.  83.87. 

Found  %:  C  71.33;  H  12.10.  Calculated  °Io:  C  71.29;  H  11.96. 

15-Bromo-3-methylpontadecanoic  acid  (VIII).  Through  a  solution  of  3.93  g  of  15  mcthoxy-3-methylpenta- 
decanoic  acid  (\TI)  in  50  ml  of  glacial  acetic  acid  at  20-22*  for  ten  hours  was  passed  hydrogen  bromide.  Then, 
without  stopping  passage  of  the  gas,  the  temperature  of  the  reaction  mass  was  gradually  raised  to  100*,  heating 
was  continued  under  these  conditions  for  fifteen  hours,  and  150  ml  of  water  was  added.  The  lower  layer  was  se¬ 
parated  and  from  the  upper  the  substance  was  extracted  with  chloroform  (3  x  50  ml).  The  combined  extracts  were 
neutralized  with  a  saturated  water  solution  of  sodium  bicarbonate  to  pU  4.  After  removal  of  the  solvent,  the  resi¬ 
due  was  distilled.  Yield  3.11  g(67.6*7o). 
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B.p.  189-190.5*  (0.5  mm),  1.1230,  nD*°  1.4852,  MR  85.32;  Calc.  85.39. 

Found  1o-.  C  57.48;  H  9.23;  Br  23.85.  CjgHjiOiBr.  Calculated  %  C  57.31;  H  9.32;  Br  23.83. 

15-Cyario-3-methylpcniadecanoic  acid  (IX).  To  a  solution  of  1.1  g  of  sodium  cyanide  in  4  ml  of  water 
was  added  3.02  g  of  15-bromo-3-mctliyl-pentadecanoic  acid  (V'lll)  and  22  ml  of  alcohol.  The  mixture  was  heated 
to  boiling  for  30  hours.  Then  the  solvent  was  distilled  off,  the  residue  was  dissolved  in  10  ml  of  water,  acidified 
witli  sulfuric  acid  1.40)  to  pH  5, and  the  reaction  product  was  extracted  with  chloroform  (2  x  50  ml).  The  re¬ 
sulting  extract  was  dried  with  sodium  sulfate.  After  removal  of  the  solvent,  the  residue  was  distilled.  Yield  1.96  g 
(77.5%). 

B.p.  193-194*  (0.35  mm),  d^®"  0.9422,  nD*®  1.4647,  82.5-1;  Calc.  82.06. 

Found  %:  C  72.5-1;  H  11.30;  N  5.32.  CnHjiQjN.  Calculated  %:  C  72.51;  H  11.11;  N  4.97. 

3-Mcthyllrcxadccan-l  ,16-dioic  acid  (I).  A  mixture  of  1.5  g  of  potassium  hydroxide  in  1  ml  of  water  and 
1.38  g  of  15-cyano-3-tnetliylpentadecanoic  acid  (IX)  in  1  ml  of  alcohol  was  heated  to  boiling  for  35  hours.  The 
unsaponified  nitrile  (IX)  was  extracted  with  10  ml  of  ether,  the  residue  was  dissolved  in  10  ml  of  water,  neutralized 
with  sulfuric  acid  (d4*®  1.40)  and  the  reaction  product  was  extracted  with  ether  (2  x  25  ml).  After  removal  of  the 
solvent  the  residue  was  distilled.  Yield  1.26  g(85.4%).  B.p.  111-112*  (0.45  mm),  m.p.  78-79.5*. 

Found  7o:  C  67.72;  H  10.53.  CnH3204.  Calculated  C  67.95;  H  10.74. 

SU  MMA  RY 

1.  We  have  carried  out  the  synthesis  of  3-mcthylhcxadecan-l ,16-dioic  acid,  a  basic  intermediate  in  the 
preparation  of  muscone. 

2.  In  the  course  of  the  synthesis  we  have  isolated  andcharacterized  the  methyl  ester  of  15-mcthoxy-3-methyl- 
peniadeca-2,4 -dienoic  acid,  the  methyl  ester  of  15-mcthoxy-3-methylpcntadecanoic  acid,  15-methoxy-3-methy 
pentadecanoic  acid,  1 5-bromo-3-mcihylpcntadecanoic  acid,  and  15-cyano-3-mcthylpentadecanoic  acid. 
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In  the  molecule  of  arachidonic  acid  (I)  between  the  carboxyl  group  and  the  double  bond  nearest  to  it  there 
are  three  methylene  groups. 


c,ii,,((;iL(:ii=.-.(;ii),(;M.>(:nd.:ii2Cooii  (i) 


In  this  paper  v/e  describe  the  preparation  of  1 ,1 -ethylenedioxy-5-hexyne  (II),  one  of  the  starting  substances 
in  the  synthesis  of  arachidonic  acid  [1, 2](I). 


iic^icciiiCiijfi^cii  !  cii;,»:osn -->  iic^cGiioCi!2CU==ciiS(;ocii3--> 

(in)  (IV)  (V) 

lu;  -CCIIaClleC-ll.CIU  NOll  ->  [IIC:=CCH.»Cn2CIl2CH01 
(VI)  '  (VII) 

,OCIU  * 


IIC^-CCII.CMoCHoCm/ 


(11) 


In  the  reaction  of  dipropargyl  (III)  [3]  with  thioacctic  acid  (IV)  [4,  5] there  is  formed  the  vinylihiol  ester 
(V).  Treatment  of  the  thioester  (V)  with  hydroxylamine  hydrochloride  in  the  presence  of  sodium  acetate  leads  to 
the  5-hexynaldoxime  (VI).  By  the  action  on  the  oxime  (VI)  of  butyl  nitrile  there  is  obtained  the  corresponding 
aldehyde  (VII)  which  with  ethylene  glycol  is  transformed  into  the  cyclic  acetal  (II).  1  ,l-Ethylenedioxy-5-hexyne 
(II)  does  not  have  a  characteristic  absorption  in  the  ultraviolet,  and  its  infrared  spectrum  shows  the  presence  of  a 
monosubstituted  triple  bond. 


EX  PERIMENT  AL 

1.  l-lIexcn-S-yn-l -thiol  acetate  (V).  To  16.2  g  of  dipropargyl  (III)  (b.p.  87-88.5*  at  752  mm)  was  added 
15  g  of  thioacctic  acid  (IV)  (b.p.  87-89*  at  757  mm);  the  solution  became  warm.  The  mixture  was  boiled  for 
one  hour  and  at  a  constantly  increasing  temperature  of  the  bath  to  130*  the  nnreacted  starting  substances  were 
distilled  off  (5.3  g).  The  residue  was  distilled.  Colorless  liquid  with  a  characteristic  odor.  Yield  8.1  g(26.7'7o). 

B.p.  89-91*  (6  mm).  d4*®  1.048,  nD*®  1.5209,  MRo  44.75.  CslhoOSp  r.  Calculated  44.69. 

Found  ^cr,  c  62.51;  62.20;  H  6.58;  6.43.  CgHioOS.  Calculated  C  62.31;  11  6.53. 

2.  5-Hcxynaldoxime  (VI).  To  6.21  g  of  the  thiol  acetate  (V)  at  3-5*  was  added  a  solution  of  5.57  g  of  hy¬ 
droxylamine  hydrochloride  and  10.88  g  of  sodium  acetate  (trihydraic)  in  100  ml  of  9670  alcohol  and  10  nil  of  water. 
The  temperature  rose  to  35-40*,  hydrogen  sulfide  was  evolved,  and  a  mineral  residue  precipitated.  The  reaction 
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mass  was  heated  to  boiling  for  six  hours,  the  residue  was  separated,  and  the  solvent  was  removed  In  a  vacuum.  To 
the  residue  was  added  20  ml  of  water  and  It  stood  over  night  at  2-3*.  The  precipitate  was  separated,  distilled,  and 
recrystallized  from  water.  Colorless  crystals.  B.p.  82-84*  (5  mm),  m.p.  72-73.5*.  Yield  3.30  g  (74.4*70). 

Found  N  12.47,  12.38.  CgHsON.  Calculated  7o:  N  12.61. 

3.  1 ,1  -Ethylcnedioxy-5-hexyne  ( 11).  To  a  mixture  of  10  ml  of  ethylene  glycol,  1  ml  of  water,  and  0.1  ml 
of  concentrated  sulfuric  acid  with  stirring  and  cooling  to  -10  to  -5*  was  added  by  turns  in  small  portions  over  40 
minutes  3.22  g  of  butyl  nitrite  and  3.20  g  of  hexynaldoxlmc  (VI).  After  15  minutes  of  stirring  the  reaction  mass 
became  homogeneous.  We  added  20  ml  of  ethylene  glycol,  100  ml  of  anhydrous  benzene,  and  the  water  (1.9  ml) 
was  removed  by  azeotropic  distillation.  The  mixture  was  cooled  to  20*,  diluted  with  100  ml  of  6%  sodium  hydroxide 
solution,  the  benzene  layer  was  separated,  and  the  water  was  extracted  with  ether  (2  x  20  ml).  The  combined  ex¬ 
tracts  were  washed  with  water  (2  x  10  ml)  and  dried  over  sodium  sulfate.  The  solvent  was  removed  and  the  residue 
was  distilled.  Colorless  liquid  with  an  ethereal  odor.  Yield  2.19  g(52.4'7o).  Infrared  spectrum:  3310  cm’^,  2120 
(rii)  cm**. 

B.p.  86-88*  (14  mm),  d/®  0.9957,  nD*°  1.4&16.  MRq  38.15.  CjHjzO^F-.  Calculated  38.23. 

Found  °]oi  C  68.23,  68.38;  II  8.75.  8.73.  CgHizQj.  Calculated  C  68.55;  H  8.63. 

2,4-Dinitrophcnylhydrazone,  m.p.  97-98*  (from  alcohol). 

Found ‘yo:  N  20.16,  20.5-1.  C12H12O4N4.  Calculated  70:  N  20.29. 

SUMMARY 

We  have  carried  out  the  synthesis  of  1 ,1 -ethylonedioxy-5-hcxyne  through  a  series  of  steps. 

LITERATURE  CITED 

1.  H.  M.  Walborsky,  R.  U.  Davis,  and  D.  R.  Howton,  J.  Am.  Chem.  Soc.  73,  2590  (1951). 

2.  S.  S.  Nigam  and  B.  C.  L.  Weedon,  J.  Chem.  Soc.  4049  (1956). 

3.  R.  A.  Raphael  and  F.  Sondheimer,  J.  Chem.  Soc.  120(1950). 

4.  H.  Behringer,  Lieb.  Ann.  56-1, 219  (1949). 

5.  H.  Bager  et  al.,  J.  Chem.  Soc.  623  (1949). 


2526 


HOl'MANN  CLEAVAGE  Ol-  1  -  A  Z  A  B  IC  Y  C  L  O  [3 . 2 . 1  ]OC  T  A  N  ES 

III.  HOl-MANN  CLEAVAGE  OF  'DIE  QUATERNARY  BASE 
2  -  MET  U  Y  L  - 1  -  A  Z  A  B  IC  Y  CLO  [3.2.1]  OCT  A  NE 

A.  D.  Yanina  and  M.  V.  Rubtsov 

S.  Ordzhonikidze  All-Union  Scientific-Research  Chcrnicopharmaccutical 
Institute 

Translated  from  Zhiirnal  Obslichei  Kliimii,  Vol.  30,  No.  8, 

pp,  25'14-2550,  August,  1960 

Original  article  submitted  July  24,  1959 


In  previous  communications  [1, 2]  we  have  presented  data  relating  to  the  Hofmann  cleavage  of  the  quater¬ 
nary  bases  1-azabicyclo  [3.2.1]octanc  and  7-methyl-l-azabicyclo  [3,2,1] octane.  It  has  been  established  that  the 
cleavage  of  l-azabicyclo  [3,2.1. ]octane  goes  in  different  ways  depending  on  the  conditions,  while  the  cleavage 
of  7 -methyl -1 -azabicyclo  [3.2.1] octane  goes  in  only  one  way. 

The  present  work  Is  a  continuation  of  the  investigations  mentioned  and  reports  data  obtained  in  the  cleavage 
of  2-methyl-l -azabicyclo  [3.2.1  ]octane.  This  compound  was  prepared  from  2-methyl-5-vinylpyridlne  according 
to  the  following  scheme: 


f^,-GII=Gll2  , 

U  ‘‘  KMnO, 

•  1 

HaG-'x  1 

H3G-W  1 

N  .  II2SO4  ) 

(1) 

-COOCzM..; 


BrCH,COOC,H, 
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c,n,oii 

H.sbr 
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CIlaCOOCiHs  J 

(HI) 


-COOC2H5 
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2-Methyl-5-vinyl pyridine  (I)  was  oxidized  with  potassium  permanganate  to  2-methylpyridine-5-carboxylic 
acid,  which  was  esterified  without  isolation  to  ethyl  2-methylpyridinc-5-carboxylate  (II).  The  1-carbocthoxyme- 
thyl-2-methyI-5-carboethoxypyridinium  bromide  (III)  that  was  proihiced  by  the  reaction  of  the  ester  (II)  with  ethyl 
bromoacetate  was  reduced  in  the  presence  of  Adams  platinum  catalyst  to  1 -carboethoxymethyl -2-methyl -5-car- 
boethoxypyridine  (IV).  Intramolecular  condensation  of  the  diester  (IV)  with  formation  of  2-methyl -l-azabicyclo 
[3.2,l]octanonc-6  (V)  was  carried  out  in  toluene  solution  with  the  aid  of  potassium  alcoholate.  When  the  ketone 
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(V)  was  reduced  by  the  Kizhncr  method  [3],  2-methyl-l-azabicyclo  [3.2,1  ]octane  (VI)  was  obtained,  which  was 
convened  by  the  action  of  methyl  iodide  to  the  quaternary  salt  (VII),  and  then  witli  the  aid  of  silver  oxide  to  the 
corresponding  quaternary  base  (VIII). 

By  Hofmann  cleavage  of  the  base  (VIII)  it  is  theoretically  possible  to  produce  the  four  compounds  (A),  (B), 
(C),mnd  (K),  and  also  their  hydration  products. 
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We  have  studied  the  cleavage  of  the  base  (VIII)  under  various  conditions:  heating  in  vacuum,  at  atmospheric 
pressure,  under  pressure  in  a  sealed  tube,  and  also  heating  in  the  presence  of  4(fio  potassium  hydroxide  solution  at 
atmospheric  pressure.  Under  all  the  conditions  mentioned,  the  same  compound  was  isolated  in  62-85*70  yield;  this 
compound  contained  a  double  bond  and  according  to  data  from  its  analysis  it  had  the  composition  C9H17N. 
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V/hcn  this  unsaturatecl  compound  was  oxidized  with  potassium  permanganate,  a  material  was  obtained  which 
contained  a  carboxyl  group,  thus  excluding  the  structure  of  compound  (C),  oxidation  of  which  would  lead  to  a  ke'one. 
The  hydrochloride  of  the  oxidation  product  gave  a  depression  in  melting  point  when  mixed  with  a  sample  of  the 
hydrociiloride  of  1 -mctliylpyrrolidyl-3-acctic  acid  [Ij.  The  latter  should  be  formed  by  the  oxidation  of  the  com¬ 
pound  v;ith  structure  (B). 

Reduction  of  the  unsaturated  cleavage  product  yielded  a  compound  identical  with  l-inethyl-3-butylpyrroU- 
dinc  (XIl)  synthesized  by  us  by  the  scheme  shown  below.  Thus,  the  unsaturr.ted  product  of  the  cleavage  of  the 
quaternary  base  2-methyl-l -azabicyclo  [3.2.1  joctanc  was  l-mcihyl-S-fbutene-S'.O-pyfr^didine  (IX). 

1. Methyl -3 -butyl pyrrolidine  was  prepared  starting  with  the  diethyl  ester  of  caiboethoxysuccinic  acid  (Xill). 
tlompound  (Xlllj  was  alkylated  with  the  aid  of  n-biityl  bromide  in  the  j)rescnce  of  sodium  alcoholatc.  From  the 
dictliyl  ester  of  l-buiyl-l-carboethoxysticcinic  acid  (XIV)  whicli  was  produced,  wc  obtained  by  prolonged  heating 
with  concentrated  hydrochloric  acid  1 -butylsuccuiic  acid  (XV),  the  dibulyl  ester  of  which  (XVI)  was  reduced  with 
the  aid  of  metallic  sodium  in  butyl  alcohol  to  2-butyl -1,4-tetramethylcne  glycol  (XVII).  The  latter  was  converted 
by  reaction  with  Glfo  hydvobromic  acid  to  2-butyl-l  ,4-dibromobutane  (XVIII).  When  the  bromide  (XVIIl)  was  con¬ 
densed  with  mcthylamine,  wc  obtained  l-metIiyl-3-butyIpyrrolidine,  the  boiling  point  and  refractive  index  of  which 
agreed  with  the  corresponding  constants  for  compound  (XII),  prepared  by  reduction  of  the  cleavage  product  (IX). 
Furthermore,  the  identity  of  compound  (XII)  with  the  1 -methyl -3 -butyl pyrrolidine  synthesized  was  confirmed  by 
tlie  absence  of  a  depression  in  melting  point  when  samples  of  their  picrates  were  mixed. 


EXPERIMENTAL 

Ethyl  2-mcthylpyridinc-5-carboxylate  (II).  To  a  solution  of  30  g  of  85*70  2-methyl-5-vinylpyridine  in  300 
ml  of  lO'/'o  sulfuric  acid  there  was  added,  with  stirring,  over  a  period  of  4  hours,  133  g  of  potassium  permanganate 
in  the  form  of  a  4*70  aqueous  solution,  while  the  temperature  of  the  reaction  mixture  was  maintained  at  not  higher 
than  6*.  After  addition  of  the  oxidizing  agent,  stirring  was  continued  for  2  hours  at  the  same  temperature.  Then 
the  manganese  dioxide  was  filtered  out  and  washed  with  hot  water.  The  combined  aqueous  solutions  were  acidi¬ 
fied  with  sulfuric  acid  to  a  weak  acid  reaction  to  Congo  and  were  evaporated  on  a  water  bath.  The  residue,  con¬ 
sisting  of  the  sulfate  of  2-mcthylpyridiiic-5-carboxylic  acid  and  potassium  sulfate  was  dried  to  constant  weight 
in  a  vacuum  desiccator  over  sulfuric  acid,  then  mixed  with  100  ml  of  anhydrous  alcohol  and  33  ml  of  concentrated 
sulfuric  acid  and  boiled  for  3  hours.  The  cooled  reaction  mixture  was  poured  over  ice  and  neutralized  with  dry 
sodium  carbonate.  The  inorganic  salts  were  filtered  off  and  the  filtrate  was  extracted  repeatedly  with  chloroform. 
The  extract  was  dried  with  potassium  carbonate,  the  chloroform  was  distilled  off,  and  the  residue  was  distilled. 
Nineteen  grams  (5-l'7o)  of  ethyl  2-methylpyric!inc-5-carboxylate  was  obtained.  Colorless,  mobile  liquid  with  b.p. 
144-145'  (45  mm),  nD^®  1.5013. 

Found  C  65.70;  H  6.83;  N  8.69.  Cgllnt^N.  Calculated  *7o:  C  65.45;  H-6,67;  N  8.45, 

1- Carboethoxymethyl-2-tnethyl-5-carboethoxypipcridine  (IV).  A  solution  of  80  g  of  ethyl  2-methylpyridinc- 
5-carboxylate  (II)  and  90  g  of  ethyl  bromoacetate  in  35  ml  of  anhydrous  alcohol  was  heated  for  4  hours  at  60-70* 
and  left  overnight  at  room  temperature.  The  caramcl-Iike  mass  obtained,  which  was  1 -carbocthoxymctllyl-2- 
mcthyl-5-carboethoxypyridiniuln  bromide  (III),  was  dissolved  in  600  ml  of  anhydrous  alcohol  and  subjected  to 
catalytic  reduction  in  the  presence  of  0.8  g  of  Adams  platinic  oxide.  After  the  required  amount  of  hydrogen 

(36.5  liters)  had  been  absorbed,  the  platinum  black  was  filtered  off,  the  filtrate  was  evaporated  in  vacuum,  and 
the  residue  was  treated,  while  being  cooled,  with  an  excess  of  50‘7«’  potassium  carbonate  solution  and  extracted 
with  ether.  The  extract  was  dried  with  porassiuni  carbonate,  and  the  ether  was  distilled  off  in  vacuum.  One 
hundred  grams  (807o)  of  1 -carboethoxymcthyl-2-mcihyl-5-carbocthoxypiperidinc  was  obtained  as  a  colorless  oil 
with  b.p.  167-168'  (15mm),  nD^®  1.45S2.  It  was  not  possible  to  crystallize  the  hydrochloride. 

Found  C  60.49;  H  8.94;  N  5.74.  C13H23O4N.  Calculated  '7-  C  60.75;  H  8.95;  N  5.45. 

2 - Methyl -1  -azabicyclo  [3.2.l]octanonc-6  (V).  To  a  suspension  of  32  g  of  metallic  potassiiim  in  100  ml  of 
toluene  was  added  gradually,  with  stirring,  a  solution  of  50  ml  of  anhydrous  alcohol  in  50  ml  of  anhydrous  toluene. 
The  reaction  mixture  was  boiled  for  2  hours.  To  the  potassium  alcoholatc  that  was  produced  was  added  over  the 
course  of  1  hour  a  solution  of  80  g  of  l-carboethoxymcthyl-2-mcthyl-5-carhocthoxypipcridinc  in  150  ml  of  an¬ 
hydrous  toluene,  while  uniform  boiling  of  the  mixture  was  maintained.  After  the  addition  of  the  diestcr,  the 
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reaction  mixture  was  boiled  for  5  hours.  Then  400  ml  of  concentrated  hydrochloric  acid  was  carefully  added,  with 
cooling  and  stirring,  and  the  toluene  layer  was  separated  and  washed  witli  400  ml  of  concentrated  hydrochloric  acid. 
The  combined  hydrochloric  acid  solution  w'as  boiled  for  15  hours,  decolorized  v/ith  activated  carbon,  and  evaporated 
on  a  steam  bath.  The  residue  was  treated,  with  cooling,  with  an  excess  of  50vo  potassium  hydroxide  solution.  The 
potassium  chloride  was  filtered  off  and  v/ashed  with  a  small  amount  of  ice  water  and  ether.  The  mother  liquor  was 
carefully  extracted  with  ether.  The  ether  extract  w'as  dried  with  potassium  carbonate.  The  ether  was  distilled  off 
in  vacuum  and  tlic  residue  was  distilled.  Tliirty  and  five-tenths  grams  (72?’)  of  the  ketone  was  obtained  as  a  color¬ 
less  oil  with  b.p.  105*  (17  mm),  nb*®  1.4869. 

Picratc,  yellow  crystals,  tn.p,  232“  (from  alcohol). 

Found  %■.  c  45.37;  11  4.41;  N  15.49.  CUH16O8N4.  Calculated  'k  C  45.65;  H  4.35;  N  15.23. 

2-Mctliyl-l-azabicyclo  [3.2.1  joctanc  (VI),  Eight  grams  of  2-methyl-l -azabicyclo  [3.2,1  ]ocianone-6  (V), 

12  g  of  pure  potassium  hydroxide,  8  mi  of  hydrazine  hydrate,  and  80  ml  of  anhydrous  glycerol  were  heated  slowly 
(foaming  was  possible)  to  165-170“  (in  the  bath)  and  kepi  at  this  temperature  for  5  hours.  Thai  the  2-methyl-l- 
azabicyclo [3.2.1  ]octane  (VI)  was  distilled  off  from  the  reaction  mixture,  while  the  temperature  was  raised  gra¬ 
dually  to  250“.  The  distillate  was  extracted  with  ether,  the  ether  extract  was  dried  with  potassium  carbonate  and 
evaporated,  and  the  residue  was  distilled.  Five  and  five-tenths  grams  {IQFh)  of  2-mcthyl-l -azabicyclo  [3.2.1  ]- 
octane  was  obtained  as  a  colorless  oil  with  a  sharp  amine  odor.  B.p.  1C5-1G6*,  nD*®  1.4734. 

Found  7o;  N  11.54.  CjHisN.  Calculated  %■.  N  11.20. 

Picrate,  yellow,  needle -like  crystals,  m.p.  272’  (from  alcohol). 

Found  C  47.45;  H  5.03;  N  15.47.  CnHigOjNj.  Calculated  <7c.:  C  47.45;  H  5.09;  N  15.82. 

Mothiodide,  white,  nccdle-like  crystals,  m.p.  316-318“  (from  alcohol). 

Found  '7-:  K  5.27;  I  47.48,  47.6-1.  CsHigNI.  Calculated  'To;  N  5.24;  I  47,56. 

Hofmann  cleavage  of  2-mcthyl-l -azabicyclo  [3.2.1  ]octane  under  various  conditions.  -  A  solution  of  lu  g 
of  2-mcthyl-l -azabicyclo  [3.2.1  ]octane  metliiodide  in  50  ml  of  distilled  water  was  shaken  for  5  hours  with  moist 
silver  oxide  prepared  from  10  g  of  silver  nitrate.  The  silver  iodide  and  the  excess  silver  oxide  were  filtered  off 
and  washed  with  distilled  water  and  the  combined  filtrate  was  evaporated  in  vacuum  at  50-60’  (bath  lempcratore). 
The  residual  oil,  which  was  the  quaternary  base  (VIII),  was  transferred  to  a  Wurtz  flask  and  heated  at  atmospheric 
pressure  to  200’  (bath  temperature).  At  140“  dccompnisiiion  began,  accompanied  by  vigorous  effervescence  and 
distillation  of  the  decomposition  products.  The  distillate  was  extracted  with  ether,  the  ether  extract  v/as  dried 
with  potassium  carbonate,  the  ether  was  distilled  off,  and  the  residue  was  distilled.  Four  grams  {Tfh)  of  1-methyl- 
3-(butcne-3*,4’)-pyrrolidine  was  obtained  as  a  colorless,  mobile  liquid  with  a  sharp  amine  odor,  readily  soluble 
in  organic  solvents  and  poorly  soluble  in  water.  The  compound  contained  a  double  bond.  B.p.  170-172*,  nD*® 
1.4518. 

Picrate,  yellow  crystals  in  the  form  of  needles,  m.p.  103-105*  (from  alcohol). 

Found  70:  C  49.02.  H  5.34;  N  15.10.  C15H20O7N4.  Calculated  C  48.91;  H  5.44;  N  15.22. 

When  the  quaternary  base  2-mcthyl-l -azabicyclo  [3.2.1  ]octane  was  heated  in  vacuum  (50-55  mm)  under 
pressure  in  a  sealed  tube  (190-200")  and  in  the  presence  of  alkali  at  atmospheric  pressure,  in  all  cases  1-methyl 
3-tbutcne-3  Vl4-pyrrolidinc  w'as  isolated  in  yields  of  81,  62,  and  85'vo,  respectively. 

Ethyl  6  -(l-methylpyrroIidyl-3)-propionate  (XI).  Two  grams  of  l-methyl-3-(butene-3',4')pyrrolidine  was 
oxidized  under  the  conditions  described  above  for  the  preparation  of  ethyl  2-methylpyridine-5-carboxylate.  The 
mixture  of  the  sulfate  of  the  acid  and  potassium  sulfate  obtained  as  a  result  of  the  oxidation  v/as  treated  with  an 
excess  of  50%  potassium  carbonate  solution  and  extracted  with  ether. 

Ketones  were  not  detected  in  the  extract.  The  alkaline  solution  was  acidified  with  sulfuric  acid,  evaporated 
in  vacuum,  and  the  residue  was  dried  to  constant  weight.  The  sulfate  of  the  acid  was  extracted  witli  hot  alcohol, 
the  alcohol  was  evaporated,  and  tlic  residue  was  boiled  v/ith  10  times  its  amount  of  4%  alcoholic  solution  of  hydro¬ 
gen  chloride  for  3  hours.  Then  the  alcofiol  was  distilled  off  and  the  residue  was  treated  with  an  excess  of  bOflo 
potassium  carbonate  solution  and  extracted  with  etlier.  After  the  extract  had  been  dried  and  the  solvent  distilled 
off,  the  residue  was  distilled.  One  and  three-tenths  grams  (50%)  of  ethyl  6 -(1 -mcthylp)Trolidyl-3)-propionate 
was  obtaiiled  with  b.p.  133-134’  (35  nmi),  nD*®  1.4478. 
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Found  N  7.79,  7.fi8,  Calculated  'k  N  7.58. 

Picrate,  yellow  crystals,  m.p.  111-112*  (from  alcohol). 

Found  C  46.19;  H  5.02;  N  13.5^1.  C'leH^zOjN^.  Calculated  -k  C  46.32;  H  5.32;  N  13.53. 

^ -(1 -Methyl  pyrrol  idyl -3)[;iopionic  acid  hydrochloride  (X).  F,ight-teiuhs  gram  of  the  ethyl  ester  (XI)  and 
10  ml  of  hydrochloric  acid  (1:1)  were  boiled  for  4  hours.  The  hydrochloric  acid  solution  was  decolorized  with 
activated  carhon  and  evaporated  in  vacuum.  The  residue,  which  was  a  cararncl-like  mass,  crystallized  when  it 
was  triturated  with  dry  acetone.  Seven-tenths  gram  (81"^)  of  8 -(1 -methylpyrrolidyl-3)-propionic  acid  hydrochloride 
v/as  obtained.  White  crystalline  powder,  readily  soluble  in  water  and  alcohol,  insoluble  in  ether  and  acetone,  with 
m.p.  105-107"  (from  a  mixture  of  alcohol  and  acetone).  A  mixed  sample  with  (l-mcthyIpyrrolidyl-3)-acetic  acid 
hydrochloride  (m.p.  95-97’  [Ij)  melted  at  72-76*. 

Found  %:  C  19.46;  H  8.50;  N  7.43;  Cl  18.20.  Cglli^OzN •  liCl.  Calculated  %  C  49.60;  H  8.28;  N  7.24; 

Cl  18.34. 

1 -Methyl -3-butylpy^rrolidine  (XII).  To  a  solution  of  1  g  of  1 -methyl-3-(butene-3',4')-pyrrolidinc  (EX)  in 
50  ml  of  anhydrous  alcohol  were  added  2  ml  of  a  25'7'’  alcoliolic  solution  of  hydrogen  chloride  and  0.15  g  of  platinic 
oxide.  'I’he  hydrogenation  was  carried  out  at  room  temperature.  After  I  mole  of  hydrogen  had  been  absorbed,  the 
platinum  black  was  filtered  off  and  tlie  alcohol  was  distilled  off  in  vacuum.  The  residue  was  treated  with  an  ex¬ 
cess  of  bOk  potassium  carbonate  solution  and  extracted  with  ether.  The  ether  extract  was  dried  with  potassium  car¬ 
bonate,  evaporated,  and  the  residue  was  distilled  at  atmospheric  pressure.  Seven -tenths  gram  of  1-inetliyl- 

3-butylpyrrolidine  was  obtained  as  a  colorless  oil  with  a  sharp  amine  odor.  The  compound  was  readily  soluble 
in  organic  solvents,  poorly  soluble  in  water.  B.p.  170-172*,  nD^®  1.4368. 

Found  io:  N  10.03.  CglligN.  Calculated  N  9.93. 

Picrate,  yellow  crystals  in  the  form  of  needles,  m.p.  134-135*  (from  alcohol). 

Found  %  c  48.75;  H  5.81;  N  14.91.  CijHzzO^N^.  Calculated  C  48.65;  11  5.94;  N  15.14. 

Diethyl  ester  of  1 -butyl -l-carboethoxysuccinic  acid  (XIV).  To  the  alcoholate  prepared  from  4.7  g  of  sodium 
and  50  ml  of  anhydrous  alcohol  was  added  50  g  of  the  diethyl  ester  of  1-carbocthoxysuccinic  acid  [4]  at  20*.  Then 
the  reaction  mixture  was  boiled  for  1  hour,  cooled,  and  29  g  of  butyl  bromide  was  added  and  the  mixture  was  heated 
on  a  boiling  water  bath  until  the  alkaline  reaction  to  litmus  disappeared  (18  hours).  After  the  mixture  had  cooled, 
60  ml  of  water  was  added,  the  precipitate  of  sodium  bromide  was  dissolved,  and  the  oil  layer  was  separated  and  ex¬ 
tracted  witli  ether.  The  ether  extract  was  dried  with  sodium  sulfate.  After  removal  of  the  ether  and  distillation  of 
the  residue  in  vacuum,  46  of  the  diethyl  ester  of  1 -butyl -1-carbocihoxysucc in ic  acid  was  obtained  with 

b.p.  16*1-166*  (17  mm). 

Found  %  C  59.74;  H  8.66.  CigllzcOc.  Calculated  C  59.60;  H  8.61. 

1-Butylsuccinic  acid  (XV).  A  mixture  of  43  g  of  the  ester  (XIV)  and  430  ml  of  concentrated  hydrochloric 
acid  was  refluxed  for  30  hours.  The  hydrochloric  acid  solution  was  evaporated  in  vacuum  and  the  residue  was  re- 
crystallized  from  w'atcr.  Eighteen  grams  {13.1%)  of  butylsuccinic  acid  was  obtained  with  m.p.  81*  (from  water).* 

Foudn  %:  C  55.22;  H  8.03.  C8H14O4.  Calculated  ‘^<k  C  55.17;  H  8.04. 

Dibntyl  ester  of  butylsuccinic  acid  (XVI).  A  solution  of  18  g  of  butylsuccinic  acid  in  180  ml  of  anhydrous 
butyl  alcohol  was  saturated  in  the  cold  with  hydrogen  chloride.  Then  the  reaction  mixture  was  boiled  for  3  hours. 
The  alcohol  was  distilled  off  in  vacuum,  the  residue  was  stirred  with  300  ml  of  ice  water,  the  oil  that  separated 
out  was  removed  and  washed  three  times  with  ice  water,  then  with  a  6'7^  solution  of  sodium  bicarbonate,  and  again 
2-3  times  with  ice  water.  It  was  dried  v;ith  sodium  sulfate  and  distilled.  Tv/enty-five  grams  (84‘7f)  of  the  dibutyl 
ester  of  butylsuccinic  acid  was  obtained  with  b.p,  200-‘202*  (40  mm). 

Found  'k  C  67.47;  H  10.64.  C1GH30O4.  Calculated  %:  C  67.13;  H  10.49. 


•  1 -Butylsuccinic  acid  was  prepared  previously  by  reduction  of  butylmalcic  or  butylfumaric  acid  with  sodium 
amalgam.  M.p.  81*  (from  water)  [5]. 
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2>ButyI-l,4-ietramethylene  glycol  (XVII).  To  a  solution  of  23  g  of  the  dibutyl  ester  (XVI)  in  300  ml  of 
anhydrous  butyl  alcohol  was  added  19.3  g  of  sodium  cut  into  coarse  pieces.  The  mixture  was  boiled  for  1.5  hours. 
In  the  course  of  this  time  the  sodium  dissolved.  To  the  cooled  solution  was  added  25  ml  of  distilled  water  and 
the  mixture  was  boiled  for  1.5  hours.  After  the  mixture  had  cooled,  120  ml  of  distilled  water  was  added,  the  oily 
layer  was  separated  and  waslied  3  times  with  a  small  amount  of  water,  and  the.  combined  aqueous  solution  was 
extracted  with  chloroform.  The  chloroform  extract  was  combined  with  the  oil  and  dried  with  sodium  sulfate.  The 
chloroform  was  distilled  off  and  the  residue  was  distilled.  Six  and  five-tenths  grams  of  2-butyl-l,4-te- 

tramcthylenc  glycol  was  obtained  as  a  colorless  oil  with  b.p.  142-143°  (10  mrn),  nD*°  1.4522. 

Found  c  65.41;  H  12.22.  Calculated  C  65.75;  11  12.33. 

2-Butyl-l,4-dibromohutane  (XVIII).  A  mixture  of  5.5  g  of  the  glycol  (XVII)  and  20  ml  of  64%  hydrobromic 
acid  was  heated  in  a  scaled  tube  at  100°  for  5  hours.  The  reaction  mixture  was  extracted  with  ether,  the  ether 
extract  was  washed  with  water,  then  with  6%  solution  of  sodium  bicarbonate,  and  again  with  water.  Then  it  was 
dried  with  sodium  sulfate,  and  after  removal  of  the  ether,  the  residue  was  distilled.  Four  and  five-tenths  grams 
(45%)  of  2-butyl -1, 4 -dibromobutane  was  obtained.  Colorless  liquid  with  b.p.  125-127*  (12  mm),  nD*°  1.4927. 

Found  %  Br  57.81.  CgllieBrj.  Calculated  %:  Br  58.82. 

1 -Methyl -3-butylpyrrolidine  (XII).  A  mixture  of  4  g  of  2-butyl-l,4-dibromobutane  (XVIII)  and  20  ml  of 
33%  aqueous  solution  of  mcthylamine  was  heated  in  a  scaled  tube  for  5  hours  at  190-200*  (bath  temperature). 

The  reaction  mixture  was  made  albaline  and  extracted  with  ether.  The  ether  solution  was  dried  with  potassium 
carbonate,  evaporated,  and  the  residue  was  distilled.  One  gram  (507f)  of  l-methyl-3-butylpyrrolidine  (XII)  was 
obtained  with  b.p.  170-172°,  nD*®  1.4368. 

Found  %:  N  10.12.  CslligN.  Calculated  %:  N  9.93. 

Piciate,  yellow  crystals  in  the  form  of  needles  with  m.p.  134-135*  (from  alcohol). 

Found  %:  C  48.51;  H  5.81;  N  15.14.  C15H22O7N4.  Calculated  %:  C  48.65;  11  5.9-1;  N  15.14. 

The  picratc  did  not  give  a  depression  in  melting  point  when  mixed  with  the  picrate  of  l-methyl-3-butyl- 
pyrrolidinc  (XlD.preparcd  by  reducing  1 -mcthyl-3-(butenc-3',4*)-pyrrolidine,  the  product  of  the  Hofmann  clea¬ 
vage  of  the  quaternary  base  2-methyl-l-azabicyclo[3.2.1  joctane  (VIII). 

SUMMARY 

It  has  been  established  that  Hofmann  cleavage  of  2-methyl -l-a7.abicyclo[3. 2. 1  joctane  under  various  con¬ 
ditions  goes  in  one  direction  with  the  fonnation  of  l-methyl-3-(butene-3',4’)-pyrrolidine. 
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It  has  been  reported  previously  that  one  can  refer  piazselcnole  (1). 


Se  - 
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'  I 
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to  the  condensed  systems  in  which  the  equivalence  of  the  bonds  in  the  benzene  ring  is  disrupted  [1],  accompanied, 
in  our  opinion  [2-4],  by  the  formation  of  an  o-quinoid  ring  as  a  structural  element  of  the  molecule.  It  seemed 
of  interest  to  ascertain  how  such  a  disruption  of  the  equivalence  of  the  bonds  of  the  benzene  ring  is  manifested  in 
the  infrared  absorption  spectra. 

EXPERIMENTAL 

The  compounds  investigated  were;  piazselcnole  (I),  iti.p.  76*,  b.p.  246*  (765  mm),  d*®  1.770;  piazselcnole 
derivatives:  5-mcthyl-  (II),  m.p.  73-73.5*;  4-methyl-  (III),  m.p.  110.6-111.2*;  5-amino-  (IV),  m.p.  149-150*; 
4-amino-  (V),  m.p.  159-159.7*;  5-nitro-  (VI).  m.p.  220-220.5*;  4-nitro-  (VII),  m.p.  216.5-217.3*. 

The  compounds  mentioned  were  synthesized  according  to  the  methods  given  in  [3].  Compound  (III)  was  pre¬ 
pared  by  us  for  the  first  time  by  mixing  aqueous  solutions  of  6.12  g  of  2,3-toluylcnediamine*  and  6.47  g  of  sclenlous 
acid;  the  brown  precipitate  that  separated  out  was  filtered  off  and  dried  at  90*;  yield  9.85  g,  m.p.  106-107.5*.  The 
compound  was  purified  by  steam  distillation  (m.p.  109-109.5’).  After  crystallization  from  alcohol  (white  platelets) 
it  melted  at  110.6-11 1.2’ (corr.);  Xrnaxfin  95'7o  alcohol)  330  mjj  (e  3.44  *10^). 

Found  7o:  N  14.09,  14.28.  C^HcNzSc.  Calculated  *7^  N  14.21. 

The  infrared  absorption  spectra  were  measured  in  the  region  400-1700  and  2800-3150  cm"'  with  an  IKS-11 
spectrometer,  the  amplifier-recording  part  of  which  was  replaced  by  a  previously  described  arrangement  [6].  For 


•  Prepared  by  reduction  of  o-nitro-m-toluidinc  with  zinc  dust  in  alcoholic  alkali  similar  to  the  synthesis  of  o 
phcnylenediamine  [5]. 


the  work  in  the  ranges  chosen,  we  used  uiterchangcahle  prisms  of  KBr,  NaCl,  and  l.iF;  the  values  for  the  spectral 
width  of  the  slit  were;*  10  cm’*  at  400-000  cm’*,  6  cm’*  at  600-1300  cm’*,  10  cm"*  at  1300-1700  cm’*,  and 
about  7  cm-*  at  2800-3150  cm"*. 
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Infrared  absorption  spectra  of  piazselenole  and  its  derivatives 

The  absorption  spectra  of  the  compounds  in  the  solid  state  were  measured  for  samples  made  into  a  paste 
with  vaseline  oil  (V.O.).  The  latter  was  purified  by  the  usual  method  for  paraffins  [7];  for  our  work  we  used  the 
fraction  boiling  at  287-300°  (10  mm).  Li  those  parts  of  the  spectrum  where  V.O.  absorbs  strongly,  the  infrared 
absorption  spectra  were  recorded  for  samples  dissolved  in  carbon  tetrachloride.  For  correct  evaluation  of  the  in¬ 
tensity  and  better  resolution  of  the  spectrum,  we  were  obliged  to  record  at  different  thicknesses  of  the  layer  of  the 
absorbing  sample. 

In  the  figure  the  spectra  of  conipounds  (I-VII)  are  shown.  The  absorption  bands  are  shown  as  straight  lines, 
the  heights  of  which  are  equal  to  the  percent  absorption  (transmission),  taking  into  account  the  dispersed  radiation 
at  high  frequencies  in  the  spectrometer.  The  latter  usually  was  large  for  paste  samples  in  V.O.  The  values  of 
the  measured  frequencies  (in  cm’*)  w'erc  as  follows; 

•The  spectral  width  of  the  slit  was  calculated  by  the  formula  generally  accepted  for  infrared  prism  spectrophoto¬ 
meters  [6]. 
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(I) -(N*  0.0G75.d  0.501  inni)  3110,  3075,  3042,  300-1,  1473,  1356;  (d  0.(V17  mni;  0.1442  g  per  0.4  ml  V.O.) 
1508,  1503,  1310,  1287,  1139,  1128,  1032,  071,  895,  700,  745,  709,  588. 

(II)  -(N  0.0727:  d  0.190  inin)  3066,  3049,  2979,  2924,  2910,  2957,  1430,  1348;  (d  0.096  mm;  0.0836  g  per 
0.75  ml  V.O.)  1616,  1504,  1272,  1149,  1140,  1089,  1033,  1014,  882,  853.  845,  821,  800,  7&4,  736,  718,  572,  439, 


(HI)  -(N  0.0885;  d  0.508  nim)  3085,  3030,  2930,  2960,  2910,  2896,  2852;  (d  0.208  mm)  1463,  1351;  (d  0.025 
nun;  0.1088  g  per  0.15  ml  O.V.)  1526,  1286,  1067,  10-12,  1037,  887,  856,  799,  795,  763,  749,  742,  718,  709;  (d 
0.047  mm)  1263,  1251,  1152,  1143,  90-1,  928,  557,  514,  500,  438. 

(IV)  -(do. 019mm:  0.1010  g  per  0.15  ml  V.O.)  1628,  1593,  1319,  1225,  1136,  936,  827,  815,  807,  743,  715, 
603,  502;  (d  0.047  mm)  1209,  961, 878. 

(V) -(d  0.019  mm;  0.0677  g  per  0.1  ml  V.O.)  1627,  1596,  1526,  1505,  1483,  1337,  1286,  1268,  1143,  1072, 
1012,  957,  864,  811,  797,  769,  752,  739,  662,  580,  514,461,428, 

(VI)  -(d  0.019  rnm;  n.OCO  g  per  0.15  ml  V.O.)  1604,  1546,  1498,  1356,  1330,  1287,  1263,  1216,  1131,  1064, 
995,  946,  839,  815,  759,  738,  729,  636,  525;  (d  0.0-17  mm)  980,  871,  800. 

(VII)  -(d  0.019  mm;  0.0930  g  per' 0.15  ml  V.O.)  1609,  1515,  1423,  1315,  1286,  1141,  1051,  986,  971,  965, 
865,  818,  812,  771,  741,  733;  (d  0.047  mm)  1080,  924,  885. 

The  aceuriicy  of  the  measurements  of  intensity  of  the  absorption  bands  did  not  exceed  37o  absolute.  We  there¬ 
fore  do  not  give  here  the  values  for  the  intensities,  which  can  be  obtained  with  the  indicated  degree  of  accuracy 
from  the  corresponding  figures. 

DISCUSSION  OF  RESULTS 

Aromatic  CM  valence  vibrations  are  known  to  appear  at  about  3038  cni"^  in  the  form  of  three  absorption 
bands  wlicn  a  lithium  fluoride  prism  is  used.  In  the  figure  it  can  be  seen  that  in  this  region  absorption  bands  were 
observed  at  the  following  frequencies  (cm"*):  3110,  3075,  3042,  300-1  (for  I);  3066,  3049  (for  II):  3085,  3030  (for 
III).  In  this  instance  (as  for  substituted  benzenes)  a  decrease  in  the  intensity  and  the  number  of  absorption  bands 
takes  place  when  the  number  of  substituents  increases.  In  addition,  we  can  notice  an  appreciable  shift  of  the  ab¬ 
sorption  bands  in  this  region  in  comparison  with  the  position  of  the  absorption  bands  of  substituted  benzenes.  Thus, 
in  the  spectra  of  the  piazselcnoles  there  arc  "aromatic"* •  CM  valence  vibrations.  However,  the  fact  that  the 
position  of  the  absorption  bands  is  sliifted  certainly  is  connected  with  the  disruption  of  the  equivalence  of  the  bonds 
in  the  benzene  ring  of  the  molecules  of  tliesc  compounds.  It  is  pertinent  to  mention  that  o-benzoquinones  also 
have  "aromatic"  absorption  in  this  region  with  the  same  type  of  shift  in  position  of  the  bands  [3], 

In  the  region  of  the  absorption  of  the  ordinary  aromatic  carbon-carbon  bonds  (1650-1475  cm"*)  wc  find  the 
following  frequencies  (cm"*):  1598,  1508,  1473  (for  I);  1616,  15a4(for  II);  1526  (for  III);  1628,  1598  (for  IV);  1627, 
1596,  1505,  1483  (for  V);  1604,  1546,  1498  (for  VI);  1609,  1515  (for  VII).  o-Benzoquinoncs  also  have  such  "aro¬ 
matic"  absorption  bands  [8].  For  o-benzoquinones  and  also  for  the  piazselcnoles  it  is  difficult  to  find  a  relation¬ 
ship  between  the  position  of  these  absorption  bands  and  the  relative  arrangement  of  the  substituents.  The  similarity 
that  is  noticed  in  the  IR  spectra  of  the  o-benzoquinones  and  the  derivativt:s  of  piazsclenolc  indicates  the  o-quinoni- 
nhde  structure  of  piazselcnolc.  Apparently  some  of  the  frequencies  listed  .above  should  be  related  to  the  -C  =  N 
valence  vibrations  in  the  same  way  as  Boyer  ct  al.,  relate  to  this  the  frequencies  in  the  region  1616-163-4  cm"* 
in  the  spectrum  of  benzofuroxan  [9]. 

Absorption  frequencies  of  the  aromatic  ring  usually  arc  found  also  in  the  region  1250-1000  cm"*,  with  the 
distribution  of  the  bands  depending  on  the  relative  position  of  the  substituents.  Such  a  relationship  can  be  cstab- 
lislied  also  for  the  derivatives  of  (I),  if  we  regard  them  as  substituted  benzenes  and  compound  (I)  as  a  1,2-substi- 
tuted  benzene.  Thus,  it  is  possible  to  distinguish  the  following  groups  of  absorption  bands;  1,2-substitution  (com¬ 
pound  I)  in  the  range  1139-1082  cm"*;  1,2,4-substitution  (compounds  11,  IV,  VI)  in  the  range  1225-1014  cm"*  (in 
contrast  to  the  1,2 -type  there  are  strong  bands  in  the  range  1225-1139  cm"*  and  bands  at  1082-1014  cm"*);  1,2,3- 
substitution  (compounds  III,  V,  VII)  in  the  region  1143-1012  cm"*. 

•  N  is  the  mole  fraction  of  the  compound  in  CCI4  solution. 

•  *  We  apply  the  name  "aromatic"  to  those  vibrations  of  the  substituted  benzene  ting  of  the  piazselcnole  mole¬ 
cule  which  fall  in  the  region  of  the  vibrations  of  the  ordinary  aromatic  ring. 
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The  exact  position  of  the  absorption  bands  corresponding  to  the  deformed  CH  vibrations  in  the  aromatic  ring 
In  the  region  900-680  cm"'  depends  on  tlie  number  and  position  of  the  substituents.  A  similar  relationship  is  charac¬ 
teristic  also  of  the  piazselcnolcs:  1,2 -substitution  (compound  I)  strong  absorption  at  745  cm“',  weak  absorption  at 
709  cm"',  very  weak  at  800  cni"';  1,2 ,4 -substitution  (compounds  II,  IV,  VI)  strong  absorption  in  the  region  825- 
729  cm"',  o:  rather  at  825  and  745-729  cm"’,  weak  absorption  at  715  cm"'.  In  contrast  to  the  1,2-type,  this  type 
of  substitution  is  characterized  by  an  absorption  niaximum  in  the  region  825-810  cm"'.  1,2,3-Substitution  (com¬ 
pounds  III,  V,  V'^ll)  differs  from  the  1,2,4-typc  in  the  strong  absorption  in  the  range  856-856  cm"'. 

If  the  rules  derived  are  developed  without  taking  into  account  the  absorption  of  the  nitropiazselenoles  (VI, 

VII),  the  intervals  derived  as  characteristic  of  tire  type  of  substitution  turn  out  to  be  narrower.  It  is  important  to 
point  out  tliat  it  is  also  possible  to  derive  for  the  "aromatic"  deformations  of  the  Cll  vibrations  of  the  o-benzo- 
quinoncs  such  type  intervals,  which  are  close  to  those  just  indicated  for  the  piazselcnolcs. 

The  methyl  group.  The  absorption  bands  with  frequencies  at  2979,  2924,  2910,  and  2857  cm"'  (II)  and  at 
2980,  2960,  2910,  2896  and  2852  ern"'  (III)  certainly  are  related  to  the  CH  valence  vibrations  of  the  methyl  group. 
For  the  o-benzoquinones  they  ate  located  at  about  29-11-2857  cm"'  [8].  Thus,  the  position  of  these  bands  both  in 
lire  piazselenolc  series  and  for  the  methyl  derivatives  of  the  o-benzoquinones  is  close  to  that  for  the  case  where  the 
CH3  group  is  linked  with  an  aromatic  carbon  atom  (it  is  well  known  that  in  this  instance  tiiere  are  two  intense 
characteristic  bands  at  2962  and  2872  cm"',  corresponding  to  the  symmetric  and  the  antisymmetric  vibrations). 

The  bands  at  the  frequencies  1430  cm"'  (ll)  and  1463  cm"*  (III),  and  at  1348  cm"*  (II)  and  1351  cm"'  (III)  are 
related  respectively  to  the  antisymmetric  and  the  symmetric  deformation  vibrations  of  the  methyl  group. 

The  amino  group.  In  primary  aromatic  amines  the  NII2  group  absorbs  in  the  region  1590-1650  cm"',  which, 
as  a  rule,  coincides  most  frequently  with  the  absorption  interval  of  the  aromatic  ring;  therefore  a  part  of  tlic  bands 
previously  related  to  the  valence  vibrations  of  the  carbon-carbon  bonds  of  the  "aromatic"  ting  should  be  ascribed 
also  to  the  vibrations  of  this  group.  The  bands  at  1598  cm"*  (IV)  and  1596  cm"'  (V)  can  be  related  to  the  N-H  de¬ 
formation  vibrations,  as  has  been  done  for  aminobenzoquinone  [10],  The  bands  found  at  900-650  cm"'  also,  appar¬ 
ently,  arc  related  both  to  the  CH  deformation  vibrations  and  to  the  deformation  vibrations  of  the  NH2  group.  The 
valence  vibrations  of  the  C-N  bond  for  primary  aromatic  amines  arc  found  at  1340-1250  cm"'.  The  corresponding 
vibrations  of  tiic  aminopiazselenolcs  arc  located  at  1268,  1286,  and  1337  cm"'  (V)  and  1319  cm"'  (IV).  By  analogy 
with  [10],  it  is  probable  that  the  bands  at  1225  cm"*  (IV)  also  are  of  the  san)e  nature. 

The  nitro  group.  The  aromatic  nitro  compounds  have  bands  at  1560-1500  cm"*  and  1360-1300  cm"',  which 
correspond  to  the  symmetric  and  antisymmetric  valence  vibrations  of  the  NO^  group.  In  the  case  of  the  nitropiaz- 
sclcnoles  the  absorption  bands  with  a  frequency  of  1498  or  15-16  cm"'  (VI)  and  at  1515  cm"*  (VII)  might  be  related  to 
the  antisymmetric  vibrations  of  the  NO^  group,  since  they  ate  very  intense.  It  is  impossible  to  determine  this  de¬ 
finitely,  however,  because  the  frequencies  referred  to  fall  in  the  absorption  interval  already  mentioned  for  car¬ 
bon-carbon  and  azorncthine  bonds.  The  aromatic  nitro  group  is  characterized  by  frequencies  at  760-720  cm"', 
which  coincide  with  the  region  of  the  deformation  vibrations  of  the  ring.  The  NC^  group  may  also  have  bands 
below  500  ern"*,  but  this  region  was  experimentally  difficult  for  us  to  work  in.  The  frequencies  1330  cm"'  (vi) 
and  1315  cm"'  (VII)  arc  related  to  the  symmetric  vibrations  of  the  HO2  group.  Continuing  to  regard  piazselenole 
as  a  1,2 -substituted  benzene,  we  may  note  that  these  frequencies  of  the  nitropiazselenoles  suggest  the  absorption 
of  an  aromatic  nitrocompound  having  a  strongly  electronegative  substituent  in  the  para  position.  The  latter  agrees 
conipletely  with  the  clcctronophilic  nature  of  the  condensed  sclenodiazole  ring. 

The  sclenodiazolc  ring  is  similar  to  the  furazan  [oxadiazolejand  the  furoxan  rings  with  respect  to  both  its 
clcctronophilic  nature  and  its  structure.  Comparison  shows  that  in  the  W  spectra  of  the  furazans  [11]  the  furoxans 
[12],  and  their  bcnzologs  [9, 13]  there  arc  repeated  absorption  bands  which  can  be  related  to  the  vibrations  of  the 
oxadiazolc  ting.  The  absorption  bands  close  to  them  in  frequency  (at  865-980,  946-995,  1030-1070,  1)50,  1660- 
1630  cm"*),  which  are  also  in  the  spectra  of  all  the  piazselcnoles  studied,  can  therefore  be  related  to  the  absorp¬ 
tion  of  the  sclenodiazole  ring. 


SUM  MA  RY 

1.  The  similarity  of  the  infrared  spectra  of  piazselenole  and  its  derivatives  to  the  infrared  spectra  of  the  o- 
benzoquinones  has  been  shown;  "aromatic"  absorption  bands  are  characteristic  of  both  types  of  compounds. 

2.  The  relationship  of  the  distribution  and  the  number  of  absorption  bands  for  deformed  C-H  vibrations  to 
the  position,  of  the  substituent  in  the  piazselenole  molecule  has  been  determined. 
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3.  Ill  the  infrared  spectra  of  the  piazsclcnoles  a  number  of  absorption  bands  characteristic  of  heterocyclic 
vibrations  have  been  recorded. 
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In  recent  years  the  production  of  vinylpytidines,  which  are  used  as  copolymers  with  styrene  and  esters  of 
acrylic  acid,  has  been  established  in  a  number  of  countries.  In  connection  with  this  a  systematic  study  has  been 
started  of  the  properties  of  these  materials,  and  in  particular  it  has  been  found  that  a-vinylpyridinc  rather  readily 
adds  com|K)unds  having  a  labile  hydrogen  atom  [1,2]. 

We  have  investigated  this  type  of  reaction  in  the  case  of  2-methyl-5-vinylpyridine.  This  compound  at  the 
present  time,  is  produced  on  a  commercial  scale  by  the  dehydrogenation  of  2-methyl-5-ethylpyridinc  and  is  the 
most  readily  available  representative  of  the  6 -vinylpyridines,  which  have  been  little  investigated.  There  are 
data  in  the  literature  indicating  that  this  vinylpyridine  in  the  presence  of  metallic  sodium  adds  aniline,  methylani- 
line,  and  rnorplioline,  but  under  the  same  conditions  it  docs  not  react  with  cyclohexylamine,  dibutylamine,  pyrrole, 
and  pipcriditic  [3]. 

We  carried  out  the  reaction  of  2-methyl-5-vinylpyridinc  with  2  moles  of  aromatic  amine  by  heating  for 

4- 5  hours  on  a  water  bath  in  the  presence  of  0.1  g-atom  of  metallic  sodium.  In  this  way  we  obtained  2-methyl- 

5- (2-phcnylaminoeihyl)pyridine  (I)  in  71.5*70  yield  from  aniline,  as  shown  in  the  following  scheme; 


.'^\-CII=CH 


CII2CII2NHO6H5 


(1) 


The  aniline  group  proved  to  be  in  the  6 -position  of  the  side  chain  in  this  product,  similar  to  what  takes  place,  j 

for  example,  when  aniline  adds  to  acrylonitrile.  The  2-methyl-5-(2-phenylaminoclhyl)pyridinc  obtained  in  this  \ 

case  differed  in  its  properties  from  the  2-methyI-5-(l-phcnylaminoethyl)p)7idine  synthesized  from  2-methyl-5-  j 

(1 -bromocthyD-pyridine  and  aniline  [4].  j 

Like  aniline,  such  compounds  as  ethylanilinc,  o-,  m-,  and  p-toluidinc,  o-  and  p-anisidine  add  to  2-methyl-  ■ 

5-vinylpyridinc.  In  this  process  the  para -substituted  compounds  react  more  readily  than  the  meta  or  ortho  isomers.  i 

When  the  reaction  was  carried  out  with  6 -naphthylamine,  a  low  yield  (21.5'7’)  of  addition  product  was  obtained, 
which  is  explained  to  a  considerable  extent  by  ilie  difficulties  of  isolation.  In  the  case  of  p-phenylcnediamine  i 

the  reaction  was  complicated  by  oxidation  processes,  and  we  did  not  succeed  in  isolating  the  reaction  product.  j 

When  the  basicity  of  the  amino  group  was  lov/cred,  the  ability  to  add  decreased.  Thus,  diphenylamine,  j 

o-nitroaniline,  indole,  acetamide,  and  phthalimide  did  not  react  with  our  6 -vinylpyridine  under  the  conditions 
described  for  the  reaction  of  these  (or  similar)  compounds  with  a-vinylpyridine.  In  these  instances  we  invariably  ! 

recovered  the  starting  materials  or,  in  same  cases,  observed  the  violent  polymerization  of  2-inethyl-5-vinylpyridine.  j 

i 
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Our  atteinpis  to  carry  out  a  reaction  with  acetoacctic  ester,  ethyl  or  butyl  alcohol,  phenol,  and  sodium  bisulfite 
were  likewise  unsuccessful.  This  confirms  that  the  8 -vinylpyridines  add  such  compounds  with  n)ore  difficulty 
tlian  the  a-isomers. 

In  the  tase  of  p-toluidinc,  in  the  molecule  of  which  the  amino  group  is  more  basic  as  a  re.sulfof  the  in¬ 
ductive  effect  of  the  methyl  group,  we  observed  the  formation  of  a  high-boiling  by-product  of  the  reaction.  This 
sub'tance  was  produced  more  easily  with  an  equimolar  ratio  of  the  reactants  and  corresponded  in  composition  to 
the  addition  product  of  2  molecules  of  2-rnethyl-5-vinylp)tidinc  and  1.  molecule  of  the  amine—  N,N-bis[2-(2- 
methylpytidyl-5)-ethyl ]- p-toluidine  (II). 


r^\-CH^=CiI, 


OIL-'  ! 
■»  \n/ 


+  CUy~<f  VNff2 


Na 


V-I'IIoCMo -N-CHoCHj-cX  ^-011 

I 


o  — y  y*— Viiiov^iio — i  ^  ^  i  I  jovi  I  i2“*\v 

\n=/  I 


(11) 


I 

CH3 


The  structure  of  this  compound  was  confirmed  by  the  fact  that  in  its  infrared  spectrum  the  absorption  band 
in  the  region  3000-3500  cm"^  characteristic  of  the  N-H  bond  was  absent,  while  in  the  products  of  the  addition  of 
1  mole  of  2-mcthyl-5-vinylpyridinc  to  primary  aromatic  amines  of  this  type  an  intense  band  is  found  in  all  cases. 
Furthermore,  compounds  of  the  type  of  (I)  are  easily  nitrosated  as  a  result  cf  the  presence  of  the  Nil  group,  while 
compound  (ll)  is  not  capable  of  such  reactions.  In  particular,  compounds  of  type  (I)  are  rather  easily  nitrosated, 
with  the  formation  of  N-nitroso  compounds.  The  position  of  the  nitroso  group  is  verified,  first,  by  the  fact  that 
under  these  conditions  neither  a-picoline  nor  2-methyl -5-ethylpyridine  is  nitrosated  (this  was  checked  in  spe¬ 
cial  experiments),  second,  by  the  capacity  of  N-nitroso  compounds  of  such  a  type  to  rearrange  into  a  benzene 
ring,  and  finally,  by  the  reduction  of  the  N-nitroso  compound  to  the  N-amino  compound  (III),  The  latter  can  also 
be  obtained,  it  appeared,  by  direct  reaction  of  2-methyl -5-vinylpyridine  with  phenylhydrazine.  The  above-de¬ 
scribed  chain  of  transformations  shows,  at  the  same  time,  that  this  addition  takes  place  as  a  result  of  the  amino 
group  which  is  directly  connected  to  the  phenyl  group. 


Clio— 


I^N-CIIjClIa 

1 

,^,-Cll2GH2N-<f 

1 

j  i 

M 

0113-1^^11  NO 

jlHl 

_ ru — 

1  II 

r^Ycn,cn,N-^— ) 

I-_l  H 

cn 

■AnI  Nil, 

(III) 

Compound  (III)  was  a  typical  arylhydrazine.  For  example,  when  it  was  reacted  with  cyclohexanone  and  sub¬ 
sequently  treated  with  sulfuric  acid,  a  Fisher  rearrangement  took  place, with  the  formation  of  N -[2 -(2 -methyl - 
pyridyl-5)-ethyli-l,2,3,l-tetrahydrocnrbazolc  (IV). 

I  n  I 


ClhClUN-Cgll- 


Nil, 


■\  "1 


CH2 

I 

-CH2 


(IV) 
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Most  of  the  compounds  synthesized  had  the  consistency  of  very  thick  oils  under  ordinary  conditions.  This 
also  was  true  of  the  acyl  derivatives.  The  hydrochlorides  both  of  the  bases  themselves  and  of  the  acyl  derivatives 
(formed  as  a  result  of  ilie  pyridine  nitrogen  atom)  were  rather  hygroscopic. 

Preliminary  tests  carried  out  in  the  department  of  pliannacology  of  the  Minsk  Medical  Institute  showed  that 
on  intraperitoneal  injection  into  mice,  solutions  of  the  hydroclilorides  of  the  compounds  prepared  had  the  property 
of  stimulating  the  parasympathetic  nervous  system  (muscarine  and  nicotine  effect).  The  toxicity  (LDjoj)  of  most 
of  the  preparations  varied  within  the  limits  300-500  mg/ kg  of  weight.  Acylation  of  the  amino  group  led  to  an 
increase  in  toxicity  of  the  preparation.  The  presence  of  a  nitroso  group  in  the  para  position  of  the  aronratic  ring 
increased  the  toxicity  of  the  preparation  5  times.  As  would  be  expected,  the  methiodides  proved  to  be  more  toxic 
than  the  corresponding  hydrochlorides.  The  pharmacological  investigation  of  the  compounds  prepared  is  being  con¬ 
tinued. 


EX  PEIUMENTA  L 

2-Mcthyl-5-(2-phenylaminoethyl)pyridinc  (I),  (a)  A  mixture  of  98  g  of  aniline,  75  g  of  2-mcthyl-5-vinyl- 
pyridine,  and  2.3  g  of  inctailic  sodium  was  heated  for  5  hours  on  a  boiling  water  bath,  with  stirring.  Five  ml  of 
alcohol  was  added  and  the  unrcactcd  starting  materials  were  steam -distilled  off.  The  crystals  that  precipitated 
after  cooling  were  separated,  dried,  and  purified  by  vacuum  distillation.  Yield  9-4.5  g(71.5'yo),  b.p.  194-195* 

(5  mm),  m.p.  76-77*  (from  707o  aqueous  alcohol).  Literature  data  [3]:  b.p.  192-19-4*  (6  mm). 

Found  7o:  C  79.2-4;  79.42;  M  7.52;  7.52;  N  13.17,  13.19.  Cj4H,6N2.  Calculated  79.2-1;  II  7.60;  N  13.20. 

Piliydrochloride,  m.p.  160-162*  (from  alcohol). 

Found  7o;  MCI  25.00,  25.08.  Ci^MjgNiClj.  Calculated  7f :  MCI  24.76. 

Methiodide,  m.p.  15-4-155*  (from  alcohol). 

Found  7->:  1  35.75,  35.65.  CJ5II19N2I.  Calculated  %  I  35.83. 

There  was  an  intense  absorption  band  at  3266  cm"*  in  the  infrared  spectrum. 

2-Mcthyl-5-(N-formyI-2-phcnylaminoethyl)pyridine  was  obtained  by  heating  8.48  g  of  (I)  with  6.5  ml  of 
formic  acid.  B.p.  20-1*  (5  mm),  thick  oil. 

Methiodide,  m.p.  160*(froni  alcohol). 

Found  7o:  I  33.12,  32.99.  C1CH19ON2I.  Calculated  j  33.20. 

2-Mctl^l-5-(N-acetyI-2-phenylaminoethyI)pyridine  was  obtained  by  heating  4.24  g  of  (1)  with  5  ml  of  acetic 
anhydride,  b.p.  202-203*  (2.5  mm),  thick  oil. 

Found  "/o:  N  11.00,  11.13.  Cj6Mi80N’2.  Calculated  N  11.02. 

Methiodide,  m.p.  158-159*. 

Found  1  31.62  ,  31.64.  C17H21ON2I.  Calculated  7f-;  I  32.03. 

2-Mcthyl-5-(N-bcnzoyl-2-phcnylaminocthyl)pyridinc  was  obtained  by  benzoylation  of  (I)  by  the  Schotten- 
Baumann  method.  M.p.  86-87*Tfrom  aqueous  alcoliol). 

Found  ^,01  C  80.14,  80.17;  11  6.42,  6.43;  N  8.59,  8.81.  C2in2oON2.  Calculated  %  C  79.74;  H  6.33;  N  9.06. 

Absorption  in  the  3000-3500  cm“*  region  w'as  absent  in  tlie  ni  spectrum. 

2-Methyl-5-(N-nitroso-2-phenylaminocthyl)pyridinc  formed  light-yellow  crystals;  they  were  rccrystallized 
from  a  mixture  of  petroleum  ether  and  benzene  (9:1),  m.p.  63-6  4*. 

Absorption  in  the  3000-3500  cm"*  region  v/as  absent  in  the  HI  spectrum. 

2-Mcthyl-5-(2-o-tolyIaminoethyl)pyridinc  (V')  was  obtained  in  a  manner  similar  to  (I)  from  6-4.2  g  of  o- 
toluidine,  35.7  g  of  2-methyl-5-vinyIpyridine,  and  1.38  g  of  metallic  sodium.  The  reaction  time  was  3  hours. 
Yield  46.3  g(68.2fo),  b.p.  199-201*  (3  mm),  m.p.  75-76*  (from  Kfjo  alcohol). 

Found  7o:  C  79.68,  79.92;  H  8.26,  8.23;  N  12.56,  12.5-4.  C15H18N2.  Calculated  %:  C  79,60;  H  8.02;  N  12.38. 
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There  was  an  intense  absorption  band  at  3312  cm"^  in  the  IR  spectrum.  | 

Monomethiodide,  m.p.  193-191*  (from  alcohol),  ' 

Found  %:  I  34.41,  34.19.  Calculated  I  3-4.47. 

2-Mctli)'l-5-(N-acciyl-2-o-tolylaminoethyl)pyridine  was  obtained  by  the  acetylation  of  2-methyl-5-(2-o- 
tolylaminoethyOpyridine  (  IV)  with  acetic  anhydride,  b.p.  205*  (2  mm). 

Found  7o:  N  10.12,  1033.  CiyllzoONj.  Calculated  N  10.44. 

2-Methyl-5-(2-ni-tolylaniinocthyl)pyridinc  was  obtained  in  a  manner  similar  to  the  preceding  preparation 
from  G4.2  g  m-to!uidine,  35.7  g  of  2-mcthyl-5-V’‘nylpyridinc,  and  1.38  g  of  metallic  sodium.  Yield  4  1.7  gfeG.O/'’), 
b.p.  193-200'’  (3  mml,  m.p.  51.5-55*  (from  alcohol). 

Found  ':o:  C  79.G5,  79.70;  11  8.16,  8.17;  N  12.51,  12.52.  CisIlisNj.  Calculated  '/o;  C  79.60;  H  8.02,  N  12.38. 

There  was  an  intense  absorption  band  at  3314  cm"^  in  the  IR  spectrum. 

Dihydrochloridc,  m.p.  175-176*  (from  anhydrous  alcohol). 

Found  "k  MCI  24.64  ,  24.81.  Ci5H2oN2Cl2.  Calculated  'fc  HCl  24.36. 

Monomethiodide,  m.p.  151 -152*  (from  alcohol). 

Found  7°:  1  34.11,  34.07.  CigllyiNyl.  Calculated  7^:  134.47. 

2-Metliyl-5-(N-acetyl-2-m-tolylaminoethyl)pyridine  was  obtained  by  the  acetylation  of  2-meihyl-5-(2- 
m-iolylaminoethyl)pyridine  ( VI)  with  acetic  anhydride,  b.p.  212-214*  (6  mm). 

Found  "k  N  10.43,  10.52.  CiyUzoONj.  Calculated  %  N  10.44. 

Methiodide,  m.p.  154-155*  (from  alcohol). 

Found  %  1  30.84,  30.62.  Ci8n230N2l.  Calculated  %  I  30.93. 

2-Methyl-5-(2-p-tolylaminocthyl)pyridine  (VII)  was  synthesized  in  a  manner  similar  to  2-mcihyl-5-(2-o- 
lolylaminocthyOpyridinc  Trom  64.2  gof  p-toluidinc,  35.7  g  of  2-niethyl-5-vinylpyridine,  and  1.38  g  of  metallic 
sodium.  Yield  52.17  g  (77.270),  b.p.  191-193*  (3  mm),  m.p.  65-66*  (from  aqueous  alcohol). 

Found  7o;  C  79.72,  79.82;  H  8.10,  8.12;  N  12.27,  12.32.  CisHigNj.  Calculated  7o:  C  79.60;  II  8.02;  N  12,38. 

Dihydrochloride,  m.p.  187-189*  (from  alcohol). 

Found  'k  HCl  24.37,  24.59.  C13H20N2CI2.  Calculated  7°:  IICI  24.36. 

In  a  similar  experiment  using  128.48  g  of  p-toludine,  143.5  g  of  2-inethyl-5-vinylpyridine,  and  2.76  g  of 
metallic  sodium,  we  obtained  192  g(70')o)  of  2-methyl-5-(2-p-tolylaminoethyl)pyridinc  and  10. 0  g  of  N,N-bis[2- 
(2-methylpyridyl-5)-ethyl]-p-toluidine  (II)  with  b.p.  235-237*  (2  inm),  m.p.  90-91*. 

Found  70:  C  80.13,  80.01;  11  8.22,  8.24;  N  12.29,  12.11.  CzjHzyNa.  Calculated  7<>;  C  79.96;  H  7.88;  N  12.16. 

Absorption  in  the  region  3000-3500  cm*^  was  absent  in  the  IR  spectrum. 

2-Mcthyl-5-(N-acetyl-2-p-tolylaminocthyDpyrid ine  was  obtained  by  the  acetylation  of  2-mcthyl-5-(2-p- 
tolylaminoctliyDpyridinc  ( VII)  with  acetic  anhydride,  b.p.  190-195*  (2  mm). 

Hydrochloride,  m.p.  151 -152*  (from  anhydrous  alcohol). 

Found  7>5;  HCl  11.95,  12.05.  CiyllziONzCl.  Calculated  7o:  HCl  11.96. 

Methiodide,  m.p,  185*  (from  alcohol). 

Found  7o:  I  30.5'!,  30.48.  C18H23ON2I,  Calculated  '^k  I  30.93. 

2-Mcthyl-5-(2-o-anisylari)inocthyl)pytidine  (VIII)  was  obtained  in  a  manner  similar  to  2-methyl-5-(2-o- 
tolylaminocthyDpyridinc  (V)  from  -19.2  g  of  o-anisidine,  23.8  g  of  2-mcthyl -5-vinylpyridine,  and  0.9  g  of  metallic 
sodium.  Yield  11.7  g(24.47o),  b.p.  201-203*  (4  mm).  Thick  liquid. 
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Dihydrochloride,  in.p.  168-170"  (from  alcohol). 

Found  "/o:  HCl  21.6,21.5.  Cj^HioONjClz.  Calculated  %  HCl  21.0. 

2-Methyl-5-(N-acctyl-2-o-ani5ylannnoethyl)pyridine  was  obtained  by  the  acetylation  of  2-methyl-5-(2- 
o-anisylaniinoeihyDpyridinc  (XIIl)  with  acetic  anhydride,  b.p.  220-222*  (3  nun). 

Methiodide,  m.p.  172-173*  (from  alcohol). 

Found  %  I  29.63,  29.70.  C18H23O2N2I.  Calculated  I  29.77. 

2-Methyl-5-(2-p-anisylaniiiiocthyl)pyridine  ( LX)  was  obtained  in  a  manner  similar  to  2-methyl-5-(2-o- 
tolylaminocthyOpyriditic  ( V)  from  19.2  g  of  p-anisidine,  23.8  g  of  2-inethyl-5-vinylpyridinc,  and  0.9  g  of  metallic 
sodium.  Yield  31.3  g(66.07<j),  b.p.  209-212*  (4  mm).  Thick  liquid. 

Dirnethiodide,  m.p.  240*  (from  alcohol). 

Found  C  38.63,  38.67;  H  5.12,  5.12.  C17H24ON2I2.  Calculated  %  C  38.80;  H  4.62. 

2-Mcthyl-5-(N-acctyl-2-p-anisylaminoethyl)pyridine  was  obtained  by  the  acetylation  of  2-methyl-5-(2- 
p-anisylaminocthyl)pyridinc  (IX),  b.p.  232°  r3  mm). 

Methiodide,  m.p.  163*  (from  anhydrous  alcohol). 

Found  "k  I  29.45  ,  29.64  CiglljaOaNjI.  Calculated  %  I  29.77. 

2-Methyl -5-(N-cthyl-2-phcnylaminoethyl)pyridine.  A  mb:ture  of  48.4  g  of  ethylanilinc,  23.8  g  of  2-methyl- 
5-vinylpyridine,  and  1.0  g  of  metallic  sodium  was  heated  for  5  hours,  with  stirring,  on  a  boiling  water  bath,  the 
unrcactcd  starting  materials  were  steam-distilled  off,  the  residue  was  extracted  with  ether,  dried,  the  ether  distilled 
off,  and  the  residue  was  distilled  in  vacuum.  Yield  22.5  g(47'7o)  of  2-methyl-5-(N-ethyl-2-phenylaminoethyl)- 
pyridinc  (X)  in  tlic  form  of  a  thick  yellow  oil  witli  b.p.  195-200°  (7  mrn)  (the  absorption  band  in  the  region  3000- 
3500  cm”’  was  absent  in  the  K  spectrum)  and  3.5  g  of  a  material  with  b.p.  280-290*  (7  rnm),  which  was  not  fur- 
tlicr  investigated. 

Monopicrate,  m.p.  1 67-1 68*  (from  alcohol). 

Found  I0:  C  56.36,  .56.46;  11  5.05,  5.11;  N  14.42,  14.45.  CazIlijOyNj.  Calculated  C  56.30;  H  4.94;  N  14.92. 

Dihydrochloride,  m.p.  170-172*  (from  alcohol). 

Found  7o:  HCl  23.76,  23.83.  C16H22N2CI2.  Calculated  %  HCl  23.28. 

2-Methyl -5-[2-(N-p-nitrosophcnyl-N-ethylamino)ethyl ipyridinc  was  obtained  by  the  nitrosation  of  the  pre¬ 
ceding  compound  (X).  Bright-green  crystals  after  rccrystallization  from  a  mixture  of  petroleum  ether  and  benzene 
melted  at  83-84°. 

Found C  71.M .  71.88;  H  7.25,  7.11;  N  15.04,  14.91.  CigHjgONj.  Calculated '7o;  C  71.34;  H  7.11;  N  15.60. 

Dihydrocliloridc,  m.p.  173-175*  (decomp.,  from  alcohol). 

Found  HCl  21.39,  21.61.  C,gH2iON3Cl2.  Calculated  7^:  HCl  21.31. 

2-Mcthyl-5-(2-3 -naphthylaminocthyDpyridine  was  obtained  in  a  manner  similar  to  2-methyl-5-(2-o-tolyl- 
aminocthyOpyridine  (V')  from  31.47  g  of  8 -naphthylamine,  23.8  g  of  2-methyl-5-vinylpyridine,  and  1.0  g  of  me¬ 
tallic  sodium.  Yield  12.5  g(21.57p),  b.p.  320*  (2  mm),  m.p.  110-111*  (from  benzene). 

Found  7’-.  c  82.44,  82.12;  H  7.11,  7.18;  N  10.67,  10.52.  CjgHjsNa.  Calculated  %  C  82.40;  H  6.92;  N  10.08, 

There  was  an  intense  absorption  band  at  3250  cm~*  in  the  IR  spectrum. 

2-Mcthyl-5-(N-amino-2-phcnylaminocthyl)pyridinc  (III),  (a)  To  a  solution  of  48.2  g  of  N-nitroso  deriva¬ 
tive  of  compound  (I)  mixed  with  250  ml  of  acetic  acid  and  80  ml  of  water  at  a  temperature  from  -3  to  -5*  there 
was  added  in  small  portions,  with  stirring,  120  g  of  zinc  dust.  When  the  addition  was  ended,  the  mixture  was 
stirred  for  1  hour  longer,  the  excess  zinc  was  filtered  off,  407>  sodium  hydroxide  solution  was  added  until  all  the 
zinc  hydroxide  dissolved,  the  mixture  was  extracted  with  ether,  tlie  extract  was  dried,  the  ether  distilled  off,  and 
the  residue  was  distilled  in  vacuum  in  a  current  of  nitrogen.  Yield  of  compound  (III)  38.0  g(83.67o),  b.p.  180* 

(2  mm).  . 
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Dipicratc,  in.p.  153-159*  (dccouip.,  from  alcohol), 

(b)  Five -tenths  gram  of  metallic  sodium  was  dissolved  in  22,4  g  of  phenylhydrazinc  by  heating  on  a  boiling 
water  bath,  and  to  tliis  solution  was  added  dropwise  23.8  g  of  2-met2iyl-5-vinylpyridinc.  The  mixture  was  heated 
for  6  hours  longer,  5  rnl  of  alcohol  was  added,  the  mixture  was  poured  into  water,  extracted  with  ether,  the  extract 
was  dried,  the  ether  was  distilled  off,  and  the  residue  was  distilled  in  vacuum.  Yield  35.9  g{79'7o). 

Dipicrate,  153-159*  (trom  alcohol). 

Found  '7o:  C  45.95,  46.03;  il  3.46,  3.53.  CjcHaaOuNg.  Calculated  lo:  C  45.55;  H  3.38. 

A  mixed  sample  with  the  dipicrate  obtained  by  method  (a)  gave  no  depression  in  melting  point. 

Dihydrochloridc,  in.p.  196-198*  (from  atiliydrous  alcoliol). 

Found  '7j:  IlCl  24.39,  24.52.  Ci4HigN3Cl2.  Calculated  <^0:  HCl  21.29. 

N-[2-(2-Mctliylpyri(M-5)-ethyl]-l,2,3,4-tetrahydrocarbazole  (IV).  Five  and  five-tenths  grams  of  com¬ 
pound  (  III)  and  2  g  of  cyclohexaimnc  were  boiled  on  netting  for  0.5  hour.  Fifty  ml  of  hot  20'7o  sulfuric  acid  was 
added  to  the  hot  mixture,  which  foamed  up.  After  boiling  for  10  ntinutes,  the  solution  was  cooled  and  the  sulfate 
of  the  carbazole  (IV)  was  separated.  Yield  5.0  g  (70'7‘’)  with  m.p.  174-175*  (from  water).  After  neutralization 
with  sodium  carbonate,  the  free  carbazole  ( IV)  was  obtained  with  m.p,  72-73*  (from  petroleum  ether). 

Found  I0:  C  82.76,  82.51;  H  7.88,  7.69.  CzoHzzNz.  Calculated  C  82.72;  H  7.64. 

SUMMARY 

1.  It  has  been  shown  that  2-mcthyl-5-vinylpyridine  when  heated  in  the  presence  of  metallic  sodium  adds 
aromatic  amines,  and  tlie  aryl  amino  group  proved  to  be  in  the  0 -position  of  the  side  chain.  When  the  basicity 
of  the  amine  decreased,  the  reaction  did  not  go  under  these  conditions, 

2.  2-Methyl -5-vinyl pyridine  was  considerably  weaker  than  2-vinylpyridine  in  its  capacity  for  addition  reac¬ 
tions. 

3.  2-Mctliyl -5-vinyl pyridine  adds  phenylhydrazinc  (as  a  result  of  the  imino  group),  and  the  hydrazine  formed 
can  be  used  in  the  Fischer  synthesis. 
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It  has  been  shown  recently  [Ijthat  dibenzalcyclohexanone  condenses  readily  under  the  influence  of  sodium 
hydroxide  in  an  alcoholic  solution  witli  one  molecule  of  cyclohexanone  by  the  scheme 
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In  order  to  extend  iliis  reaction  to  substituted  dibenzalcyclohexanoncs  we  studied  the  condensation  of  cyclo¬ 
hexanone  with  1 ,3-di-(p-dimcthylaminobcnzal)cyclohexanone-2. 

In  view  of  the  exceptional  difficulty  of  dissolving  this  diarylidcnccyclohexanone  in  alcohol,  we  attempted 
to  carry  out  the  reaction  in  pyridine,  chloroforn),  dioxane,  and,  finally,  in  cyclohexanone.  The  reaction  did  not 
go  in  pyridine  and  cyclohexanorje  under  the  influence  of  diethylamine.  Reaction  also  did  not  take  place  under  the 
influence  of  sodium  acetate  in  chloroform  and  dioxane.  In  cyclohexanone  under  the  influence  of  10'’/o  alcoholic 
sodium  hydroxide  solution  the  reaction  proceeded  according  to  the  diagram  [Ar  =  p-Cgl^NfCHjJj]  rather  easily, 
and  p-dimethylaminobcnzylidene-p-dimethylaminobcnzaldicyclohexanonc  (I)  was  produced  in  good  yield. 

The  structure  of  compound  (I)  v;as  confirmed  by  its  reactions.  The  compound  formed  the  corresponding 
hydrazone  with  two  molecules  of  2,4-dinitrophcnylhydraziiie,  and  under  the  conditions  of  the  improved  pyridine 
synthesis  of  Chichibabin  [2]  it  gave  a  base  of  the  expected  formula  C30H35N3.  The  first  reaction  confirmed  the 
presence  in  the  compound  of  two  carbonyl  groups.  The  second  reaction  showed  that  these  two  groups  were  in  the 
1,5  position  relative  to  each  other  in  the  carbon  chain,  which  is  favorable  to  the  formation  of  a  pyridine  ring. 

All  of  tliis  corresponds  completely  with  formula  (I). 

Under  the  conditions  of  the  pyridine  synthesis  it  was  possible  to  produce  from  the  1,5-diketone  (I)  only  the 
hydroacridinc  base  ( II),  4-(p-dimethylaminobcnzylidene)-9-(p-dimethylaminophenyI)octahydroacridine. 

This  follows  both  from  the  reactions  of  the  base  obtained,  and  also  from  the  literature  data  [3]  on  the 
course  of  this  synthesis  with  1,5-dikctoncs  of  the  type  of  (III),  to  which  the  diketone  (I)  belongs. 

In  the  case  of  bicyclohexanones  the  symnsetrical  octahydroacridines  ate  formed  [3]. 
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EXPERIMENTAL* 

p-Dimcthylaminobenzylidenc-p-diniethylaminobcnzaldicyclohexanone.  To  a  boiling  solution  of  17  g  of 
ili(  p-clinicthylaniinobenzal)cyclohexanone  in  iSO  ml  of  cyclohexanone  was  carefully  added  through  the  reflux 
condenser  .75  ml  of  10'7i)  alcoholic  sodium  hydroxide  solution.  The  solution  was  boiled  for  5  minutes  and  then 
cooled  by  keeping  the  flask  with  the  reaction  mixture  in  a  freezing  mixture  for  3  hours.  The  crystals  of  the 
<likctonc  (I)  which  precipitated  v.'erc  filtered  out  and  waslied  with  alcohol,  then  with  water.  Yield  17  g(78.7'7o), 
m.p.  225-227"  (from  dioxanc).  Long  white  needles,  difficultly  soluble  in  many  of  the  usual  organic  solvents. 

Pound  7<n  C  78.00,  78.31;  11  8.30,  8.35;  N  6.28,  6.41.  CaoHagC^Nz.  Calculated  7o:  C  78.56;  11  8.30;  N  6.11. 

The  2,4-dinitrophenylhydrazone  was  produced  by  mixing  a  hot  alcoholic  solution  of  the  diketone  with  an 
alcoholic  solution  of  2,4-dinitrophenylhydrazine  sulfate.  Bright-orange  rods,  m.p.  184-186*  (from  a  mixture  of 
benzene  and  acetone  1:1). 

Pound  "k  N  17.50,  17.39.  C42H46O8N10.  Calculated  %  N  17.11. 

4-(p-Dimethylaininobenzylidcne)-9-(p-dimethylaminophcnyI)octahydroacridir;e.  Fourteen  grams  of  the 
diketone  (I),  42  g  of  ammonium  acetate,  and  50  ml  of  glacial  acetic  acid  were  heated  for  30  minutes  with  slight 
effervescence  of  the  mixture.  The  light-orange  solution  that  was  formed  was  cooled  and  neutralized  with  20‘7o 
sodium  carbonate  solution.  The  precipitate  that  separated  was  filtered  off  and  washed  with  water.  Yield  13.1  g 
(98'7o).  M.p.  236-238"  (from  alcohol).  White  prismatic  rods,  dissolving  readilv  in  alcohol,  benzene,  and  acetone: 
difficultly  soluble  in  ether  and  insoluble  in  water. 

Pound  'k.  N  9.77,  9.85.  C30H35N3.  Calculated  'k  N  9.61. 

Picrate.  When  hot  alcoholic  solutions  of  the  base  and  of  picric  acid  were  mixed,  a  light-brown  oil  imme¬ 
diately  separated  out,  which  completely  solidified  under  water  on  the  second  day.  Yellow  rods  (from  dioxane), 
m.p.  242-243*  (decomp.). 

Pound  'k  N  12.49,  12.40.  C33H33O7N6.  Calculated  7a;  N  12.61. 

The  trihydrochloride  was  prepared  by  passing  dry  hydrogen  chloride  into  a  benzene  solution  of  the  base. 
From  2.5  g  of  the  base,  2.9  g(93.57>-')  of  the  salt  was  obtained.  M.p.  201-203*  (from  acetone).  Colorless  long 
rods,  readily  soluble  in  water,  alcohol,  and  chloroform,  difficultly  soluble  in  acetone  and  dioxane,  insoluble  in 
benzene  and  ether. 

Found  7o;  Cl  19.08,  19.34.  C30H35N3 •  3HC1.  Calculated  ^k.  Cl  19.49. 


•  With  the  participation  of  student  T.  E.  Emel’yanova. 
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1.  Cyclohexanone  has  been  condensed  with  1 ,3-di(p-din)ethylanunobcnzal)cyclohexanonc-2. 

2.  It  has  been  established  that  in  this  reaction  only  one  molecule  of  cyclohexanone  is  added,  and  in  this 
process  an  alicyclic  1,5-diketonc  is  formed-  p-dimethylan)inobenzylidene-p-dimcthylaminobenzaldicyclo- 
hexanonc. 

3.  By  the  pyridine  synthesis,  the  hydroacridinc  base  4-(p-dimethylaminobcnzylidcnc)-9-(p-dimethylamino- 
phenyDoctahydroacridine  was  prepared  from  the  1 ,5-dikctone. 

The  compounds  prepared  have  not  been  described  in  the  literature. 
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The  photorcactions  of  the  full  phenyl  compounds  of  mercury  containing  the  functional  groups  methoxy 
and  chlorine  in  the  p-position  witli  organic  solvents  were  described  in  previous  communications  [1, 2]. 

In  this  paper  we  investigated  the  photorcactions  of  two  organomereury  compounds  having  carbomethoxy 
and  carboxy  groups  in  the  p-position  of  the  bcn/.cne  rings  found  in  diphenylmercury.  As  solvents  we  used  me¬ 
thanol,  dioxane,  carbon  tetrachloride  and  chloroform. 

In  methanol  and  dioxane  the  reaction  went  with  the  formation  of  mercury,  benzoic  acid  (with  mcrcury- 
bis-p-bcnzoic  acid)  or  methyl  benzoate  (with  the  dimethyl  ester  of  mercury-bis-p-bcnzoic  acid),  and  formal¬ 
dehyde  (in  methanol). 


(p-llCcH<),IIg  -I-  CII3OII  2Ccn5l\  -h  Hg  -f  Clli.0 
ll  —  rOOH,  COOCHj. 

With  carLx)n  tetrachloride  the  dimethyl  ester  of  mercury-bis-p-benzoic  acid  gives  p-carboinethoxyphenyl- 
mcrcury  chloride,  mercurous  chloride  (traces),  methyl  ester  of  p-chlorobsnzoic  acid  and  hexachloroethane.  As 
a  result,  the  p-carbomethoxyphenyl  radical  reacts  with  CCI4  in  the  same  manner  as  do  the  phenyl  and  tolyl  radi¬ 
cals  [3j(with  the  cleavage  of  chlorine  from  the  solvent)  and  differently  from  the  p-methoxyphenyl  radical  [1]. 

p-Carbomcthoxyphcnylmercury  chloride,  mercuroiis  chloride,  mercury,  methyl  benzoate  and  hcxachloro- 
cthane  were  obtained  as  the  result  of  the  photoreaction  of  dimethyl  mercury-bis-p-benzoate  with  chloroform. 
The  presence  of  p-carbomethoxyphenylmcreury  chloride  (in  CCI4  and  CHCI3  media)  indicates  the  gradual  clea¬ 
vage  of  p-carbomethoxyplienyl  radicals  from  the  dimethyl  ester  of  mcrcury-bis-p-benzoic  acid. 


/p-CMaOCC 
(  ^ 


Mcrcury-bis-p-benzoic  acid  failed  to  react  witheither  carbon  tetrachloride  or  chloroform  when  irradiated 
for  150  hr. 


•  Communication  XIV,  Zhur.  Obshchei  Khim.  24,  260(195-1). 


clUXlIg  — >  p-CH30CCcIl4Ug-  +p-(:il30CCcll4- 

II  II 

o  o 


2547 


EX  PERIMENTAL 


Method  of  Opetntion.  p-Carbomcthoxyphenylmercury  chloride,  dimethyl  mercury-bis-p-benzoate  and 
nicrcury-bis-p-bcnzoic  acid  were  prepared  by  the  procedure  of  A.  N.  Nesmeyanov  and  L.  G.  Makarova  [4].  The 
photoreactions  were  iiin  in  narrow  (d  f?  mm),  thin-walled  quartz  test  tubes,  which  were  fastened  20  cm  away  from 
a  PIlK-4  quartz  mercury-vapor  lamp  at  a  30“  angle  from  the  horizontal.  Irradiation  was  at  room  temperature. 

1.  Piiotorcaction  of  the  dimethyl  ester  of  mcrcury-bis-p-benzoic  aeid  in  methanol.  A  mixture  of  0.15  g 
of  dimethyl  mercury-bis-p-benzoatc  and  12  ml  of  methanol  was  irradiated  for  45  hr.  The  amount  of  metallic 
mercury  that  separated  during  this  time  was  0.056  g(87.57«).  The  filtrate  remaining  after  removal  of  the  mer¬ 
cury  was  distilled.  Pormaldehydc  was  found  in  the  distillate.  The  dimedon  derivative  had  m.p.  186*.  The  mixed 
melting  point  with  the  dimedon  derivative  of  pure  formaldehyde  was  not  depressed.  The  residue  from  the  distilla¬ 
tion  was  saponified  with  25'7o  alcoliolic  caustic  solution,  and  after  the  usual  workup  we  obtained  benzoic  acid  with 
m.p.  119*.  The  mixed  melting  point  with  pure  benzoic  acid  was  119*. 

2.  Piiotorcaction  of  tlic  dime^'l  ester  of  mcrcury-bis-p-benzoic  acid  in  dioxane.  A  mixture  of  0.4  g  of 
dimethyl  mcrcury-bis-p-bcnzoatc  and  30  ml  of  dioxane  (in  two  test  tubes)  was  irradiated  for  15  hr.  We  collected 
O.IC  g(9-l7'')  of  metallic  mercury.  The  filuate  was  distilled.  The  residue  from  the  distillation  contained  methyl 
benzoate  (nil*®  1.5168).  When  saponified  it  gave  benzoic  acid  with  m.p.  120*.  The  mixed  melting  point  with 
pure  benzoic  acid  was  not  depressed. 

3.  Photoreaction  of  the  dimethyl  ester  of  mercury-bis-p-benzoic  acid  in  carbon  tctraqhloridc.  A  mixture 
of  0.6  g  of  dimethyl  mcrcury-bis-p-bcnzoatc  and  45  ml  of  carbon  tetrachloride  was  irradiated  for  164  hr  (three 
test  tubes).  The  filtered  precipitate  was  a  mixture  composed  of  0.05  giS’/o)  of  dimethyl  mercury-bis-p-benzoate 
and  0.24  giSlfo)  of  p-carbomcthoxyphcnylmcrcury  chloride  (the  ratio  vras  determined  from  the  chlorine  content 
in  the  mixture),  the  latter  with  m.p.  258-259“  (from  acetone).  The  mixed  melting  point  with  autheritic  p-car- 
bomctlioxyplicnylmcrcury  chloride  was  not  depressed.  Traces  of  mercurous  chloride  were  obtained  in  some  of 
the  experiments. 

Prom  tlic  distillation  of  the  filtrate  we  isolated  hcxachloroethanc  with  m.p.  183-184*.  The  residue  from 
the  distillation  of  the  solvent  was  saponified  with  5%  alcoholic  caustic  solution.  Acidification  with  hydrochloric 
acid  gave  p-chlorobcnzoic  acid  with  m.p.  235*  (from  aqueous  dioxane).  The  mixture  of  this  material  with  au¬ 
thentic  p-chlorobenzoic  acid  also  melted  at  235". 

4.  Piiotorcaction  of  the  dimethyl  ester  of  mercury-bis-p-bcnzoic  acid  in  chloroform.  A  mixture  of  0.5  g 

of  dimethyl  rnctcury-bis-p-bcnzoate  and  12  ml  of  chloroform  was  irradiated  for  S'!  hr.  The  precipitate  was  filtered. 
The  precipitate  was  extracted  with  hot  benzene  to  remove  the  organic  portion.  We  obtained  0.02  g(9.47o)  of  mer¬ 
cury  and  0.02  giST^)  of  mercurous  chloride.  The  portion  soluble  in  benzene  was  a  mixture  of  0.14  g(287p)  of  un¬ 
reacted  dimethyl  ester  of  mcrcury-bis-p-benzoic  acid  and  0.12  g  (30.470)  of  p-carbomcthoxyplicnylmcrcury  chloride, 
the  latter  with  m.p.  258“  (from  benzene). 

The  filtrate  was  distilled.  Here  w’e  isolated  hexachloroethane.  The  residue  from  the  distillation  was  saponi¬ 
fied  to  give  benzoic  acid  with  m.p.  119*  (mixed  melting  point  the  same). 

5.  Piiotorcaction  of  mcrcury'-bis-p-bcnzoic  acid  in  methanol.  A  mixture  of  0.2  g  of  mercury-bis-p-bcnzoic 
acid  and  12  ml  of  methanol  was  irradiated  for  270  hr.  The  filtered  precipitate  was  a  mixture  composed  of  0.07  g 
(777’)  of  metallic  mercury  and  0.03  gflS'^o)  of  unreacted  mcrciiry-bis-p-benzoic  acid.  The  filtrate  was  shown  to 
contain  formaldehyde.  The  dimedon  derivative  had  m.p.  185-186*.  Another  portion  of  the  filtrate  was  worked  up 
to  give  benzoic  acid  with  m.p.  118*. 

_ Photorcaj^ion  of  mercury^-bis-p-benzoic  acid  in  dioxane.  A  mixture  of  0.2  g  of  mercury-bis-p-bcnzoic 

acid  and  15  ml  of  dioxane  was  irradiated  for  95  hr.  At  the  end  of  reaction  we  collected  0.085  g  (93.77”)  of  mercury 
b\  filtration.  The  filtrate  was  treated  with  cold  v/ater.  Here  we  obtained  a  small  amount  of  bc-nzoic  acid  v/ith 
m.p.  119-120“  (the  mixed  melting  point  was  the  same). 

SU  MMA  RY 

1.  Mercury,  benzoic  acid  or  methyl  benzoate,  and  formaldehyde  (in  methanol)  are  formed  in  the  photo¬ 
reaction  of  mcrcury-bis-p-benzoic  acid  and  dimethyl  mercury-bis-p-benzoate  in  methanol  and  dioxane. 


I 


! 

! 

i 
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2.  The  photorcactioii  of  dimethyl  rncrcury-bis-p-bcnzoate  in  carbon  tetrachloride  yields  p-carbomeihoxy- 
phenylmerciity  chloride,  mercurous  chloride,  methyl  p-chlorobenzoatc  and  hexachloroethane.  Running  the  photo- 
reaction  in  chloroform  yields  p-carbomethoxyphenylmercury  chloride,  mercurous  chloride,  mercury,  methyl  ben¬ 
zoate  and  hexachloroethane. 

3.  Mercury-bis-p-bcnzoic  acid  does  not  react  with  either  chloroform  or  carbon  tetrachloride  when  irradiated 
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Earlier  [1]  we  had  shown  that  the  ultraviolet  irradiation  of  mercuric  acetate  and  mercuric  propionate  in  ben¬ 
zene  or  (correspondingly)  in  acetic  or  propionic  acid  results  in  decarboxylation  of  the  salt, with  the  formation  of 
the  organometallic  compound. 

nCOOIIgOCOR  -V  RllgOCOIl  +  CO2  (1) 

R  =  or  C,Hi. 

The  yields  of  the  organometallic  compounds  reached  C6-68'7o,  and  the  reaction  was  of  preparative  interest. 

In  this  paper  we  studied  the  photorcaction  of  mercuric  n-butyrate  for  the  purpose  of  determining  whether 
tire  compound  can  be  used  for  the  synthesis  of  n-propylmcrcury  salts.  The  mercuric  n-butyrate  was  irradiated  in 
benzene  at  80".  The  experimental  results  arc  given  in  the  table. 

The  highest  yield  (53;2^i)  of  n-propylmercury  salts  was  obtained  when  the  reaction  mass  was  irradiated  for 
2.5  hr  with  stirring  (Expt.  2).  Nearly  all  of  the  starting  salt  reacted  under  tliese  conditions.  The  reaction  products 
were  found  to  contain,  besides  the  organometallic  compound,  also  the  mercurous  salt  and  a  small  amount  of  me¬ 
tallic  mercury.  With  a  longer  time  of  irradiation  (Expt.  3)  tlie  yield  of  the  n-propylmercury  salt  was  only  24.67o: 
there  was  a  corresponding  increase  in  the  yields  of  mercurous  salt  and  metallic  mercury.  A  substantial  portion 
of  the  starting  mercury  salt  (33. 8  /0)  failed  to  react  when  the  time  of  irradiation  was  insufficient  (Expt.  1).  The 
yields  of  n-propylmcrcury  salts  and  mercurous  salt  were  lower  than  in  Expt.  2.  Metallic  mercury  was  absent  in 
the  reaction  products.  The  liberated  gas  consisted  of  CO^,  propane  and  propylene.  The  amount  of  liberated  gases, 
especially  of  the  hydrocarbons,  increased  with  increase  in  the  length  of  irradiation. 

From  the  obtained  data  it  is  possible  to  conclude  that  in  general  the  photodecarboxylation  of  mercuric  n- 
butyrate  proceeds  by  the  scheme  proposed  earlier  [1]  for  the  photoreactions  of  mercuric  acetate  and  mercuric 
propionate.  That  the  reaction  has  a  cliain  free-radical  character  is  supported  by  the  fact  that  gas  evolution  was 
observed  for  some  time  after  irradiation  of  the  reaction  mass  had  been  discontinued. 

The  photorcaction  of  mercuric  n-butyratc  in  benzene  differs  from  the  photorcactions  of  mercuric  acetate 
and  mercuric  propionate  in  that  it  is  more  rapid  and  goes  to  a  greater  extent.  To  complete  the  photorcaction  of 
mercuric  acetate  in  benzene  required  5-7  hr,  while  that  of  mercuric  propionate  required  3-3.5  hr  [1].  The  reac¬ 
tion  products  w'cre  stable  to  further  irradiation,  and  tlie  evolution  of  gas  ceased  completely.  In  the  case  of  mer¬ 
curic  n-butyrate  practically  all  of  the  salt  had  reacted  within  2.5  hr  after  the  start  of  irradiation;  on  further  irra¬ 
diation  the  reaction  products  decomposed  to  mercurous  n-butyrate  and  metallic  mercury,  and  a  cessation  of  gas 
evolution  was  not  observed  (Expts.  2  and  3). 

The  mercuration  of  benzene  by  the  mercuric  n-butyrate  was  not  observed  during  the  photoreaction. 
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Photochemical  Decarboxylation  of  Mercviric  n-Futyrate  in  Benzene  at  80’  (in  all  of  the 
experiments  ve  used  150  ml  of  benzene) 


Expt. 

No. 

'Amount 
of  mercur¬ 
ic  n-buiy- 
:aie  taken 
for  reac¬ 
tion  (in 
moles) 

Time 
of  ir¬ 
radia¬ 
tion 

(in 

min) 

Obtain 

ed  after  reaction 

n- propyl- 

mercury 

salt* 

mercuric 

salt** 

mercurous 

salt*** 

metallic 

mercury 

CO, 

C,H, 

1 

c,tt. 

(g) 

yield 

(in%) 

(g) 

yield' 

(\n°Jo) 

i  1 

(g)  j 

(g)  j 

yield! 

(in^p) 

(in  moles) 

1 

0.0207 

iO 

3  93 

39.7 

2.10 

3.3.« 

1.30 

21. .5 

0 

0 

0.01 26 

Not 

determined 

2 

0.02.5 

1  .'1.5 

4.93 

.53.2 

0.109 

2.9 

2.2.5 

.'ts.l 

0.025 

0..5 

0.0232 

0.0023 

,  o.oixm; 

3 

0.020 

21s 

1.82 

24.0 

0.(  >7 

i.r. 

2.74 

r.3.0 

0.3S 

9.5 

0.0203 

0.0024 

1  o.wi  1 

•  Isolated  as  C3MYHgL 
•  ♦  Isolated  as  llgS. 

•  •  *  Isolated  as  Hg2Cl2. 

EX  PERIMENTAL 

Reagents.  The  mercuric  n-butyrate  was  prepared  from  sodium  n -butyrate  and  analytically  pure  mercuric 
nitrate. 

Pound  "h  Hg  5’1.04.  53.81.  CgHi,t04Hg.  Calculated  %:  Hg  53.55. 

Thiophene -free  benzene  was  used,  and  it  was  distilled  from  sodium  immediately  before  eXjXJrimcnt. 

The  reactions  were  run  in  the  earlier-described  apparatus  [1].  A  PRK-4  lamp  served  as  the  source  of  ultra¬ 
violet  light.  To  obtain  mixing  of  the  reaction  mass  the  flask  was  heated  from  below*  in  Expts.  2  and  3.  The 
reaction  mass  was  not  stirred  in  Expt.  1.  In  Expt.  3  the  lamp  was  turned  off  in  6.5  min  after  the  start  of  irradia¬ 
tion  (300  ml  of  gas  had  evolved);  the  boiling  of  the  reaction  mass  was  corjtinued;  gas  evolution  was  observed  for 
1  min  after  turning  off  the  lamp  (25  ml  of  gas  was  evolved).  After  10  min  the  lamp  was  turned  on  again. 


At  the  end  of  irradiation  the  system  was  blown  with  air,  as  described  earlier  [1].  The  evolved  gas  was  anal 
yzed  in  the  same  manner  as  indicated  earlier  [1]. 


The  reaction  mass  after  cooling  was  filtered,  and  the  precipitate  was  washed  with  benzene.  The  precipi¬ 
tate  was  a  mixture  of  mercuric  and  mercurous  butyrates  and  metallic  mercury.  To  separate  the  mixture,  a  part 
of  the  precipitate  was  digested  with  dilute  1 ;  1  hydrochloric  acid,  and  the  mercuric  salt  \.'as  precipitated  from 
the  solution  as  IlgS.  A  second  portion  of  the  precipitate  was  treated  with  dilute  nitric  acid,  and  the  metallic  mer¬ 
cury  was  removed  from  the  solution  by  filtration.  The  addition  of  KCl  to  the  filtrate  caused  the  mercurous  salt 
to  precipitate  as  mercurous  chloride.  The  benzene  solution  was  washed  with  a  little  water,  and  then  the  benzene 
was  removed  by  distillation.  The  residue  was  dissolved  in  ether,  and  the  solution  was  repeatedly  extracted  with 
water.  Treatment  of  the  extract  with  KI  gave  a  precipitate  of  C3n7HgI;  m.p.  110- 111’ (from  methanol).  The  aqueous 
solution  obtained  in  washing  the  benzene  solution  was  treated  with  NaCl.  The  obtained  precipitate  of  mercurous 
chloride  was  filtered,  and  the  filtrate  was  treated  with  excess  KI  to  dissolve  the  precipitated  Hgl2.  A  small  amount 
of  C3H7HgI  was  removed  from  the  solution;  m.p.  110-111’  (from  methanol).  The  filtrate  was  saturated  with  H2S, 
and  the  obtained  precipitate  of  HgS  was  filtered.  Evaporation  of  the  water-washed  ether  solution  left  a  small 
amount  (0.2-0. 5  g)  of  oil  with  a  disagreeable  odor.  The  oil  was  not  investigated  further. 


SU  MMA  RY 

1.  The  photoreaction  of  mercuric  n-butyrate  in  benzene  was  studied  at  80*.  It  was  shown  that  decarboxyla¬ 
tion  of  the  salt  occurs  here  witli  the  formation  of  n-propylmercury  butyrate  in  537o  yield.  In  addition,  the  reac¬ 
tion  products  were  found  to  contain  mercurous  n-butyrate,  metallic  mercury,  CO^,  propane  and  propylene. 

•  Without  additional  heating,  a  boiling  and  mixing  of  the  reaction  mass  was  observed  only  above  the  tube  sealed 
in  the  quartz  flask,  in  which  the  PRK-4  lamp  was  placed. 
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2.  The  photoreaclion  of  mercuric  n -butyrate  can  serve  as  a  convenient  method  for  the  synthesis  of  n-pto- 
pylmcrcury  salts. 
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The  2-substituted  5-arylidene-l -imidazolin-3-ol-4-ones  (I),  obtained  recently  in  our  laboratory  [1],  ex¬ 
hibit  an  antibacterial  action  that,  like  that  of  other  hydtoxylamine  derivatives,  is  highly  specific  [2-4]  and  especlallj 
effective  against  bacteria  of  the  intestinal  group  and  Mic.  tuberculosis.  Since  the  indicated  compounds  have  a 
struciural  similarity  to  aspergill ic  acid  (II),  the  thought  naturally  arose  that  the  action  of  the  imidazolinolones  (I) 
is  linked  with  the  presence  of  the  N-hydroxy  group  in  their  molecule,  which,  as  is  known  [5],  determines  the  antl- 
tubcrcnlar  action  of  .aspergill ic  acid.  To  verify  this  theory  we  synthesized  a  number  of  previously  unknown  deriva¬ 
tives  of  2-plienyl-5-benzylidenc-l-imidazolin-4-one,  substituted  on  the  nitrogen  in  the  3  position  (III). 


Ar 


CIU 

/N.  1 

/  ^  Cllj— CH 

0 

1 

CoH;, 

-(:n=c-c^ 

1  1 

Clb-CM-'l  >0  (’.113 

1 

1  I 

N  N- 

N  N— oil 

CJIj  1 

\g/ 

OH 

1 

1 

(1)  u 

(ID 

f-oHs 

(HI) 

‘  (Ilia) 

(lllb) 

X^H.  (Illd)  X=NH„ 

Xr^lUI.  (llle)  X  =  N  =  CHO,Ht. 

(lllc) 

X  =0(113,  (Illf)  X  =  NO. 

The  synthesis  of  2-aryl-5-arylidcnc-l -imidazolin-4-ones  (III)  has  been  discussed  many  times  in  the  litera¬ 
ture.  Usually  the  synthesis  is  accomplished  by  the  cyclization  of  N -substituted  amides  of  a-acylaminocinnamic 
acids.  Depending  on  the  nature  of  the  substituent,  the  cyclization  is  carried  out  using  cither  alkaline  [6,  7]  (Ilia) 
or  acid  (lllb)  agents  [1],  or  thermally  (III,  X  =  R)  [8].  If  X  =  CHRR’,  then  in  general  the  cyclization  cannot  be 
accomplished  [9l. 

Besides  the  earlier  described  [I")  3-hydroxy-  and  3-methoxy-2-phcnyl-5-benzylidenc-l-imid3zolin-4-onc$ 
(Illb  and  IIIc),  we  synthesized  the  3-amino-,  3-bcnzylidencamino  and  3-nitroso-2-phenyl-5-henzylidcnc-l-imi- 
dazolin-4-ones  (Illd,  llle  and  Illf). 

To  obtain  the  3-amino  derivative  (Hid)  we  studied  the  cyclization  of  a-benzamidocinnamic  acid  hydrazlde 
(IV).  As  is  known,when  the  hydtazide  of  a-benzamidocinnamic  acid  is  treated  with  alkaline  .agents, only  pyra- 
zolidinones  (V)  or  triazines  (VU)  are  forined  [10,  11],  while  treatment  with  acid  agents  leads  to  decomposition  of 
the  hydrazides  [11],  However,  we  were  able  to  show  that  the  cyclization  of  a-benzamidocinnamic  acid  hydtazide 
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can  be  directed  toward  the  formation  of  imidazolinone  derivatives.  Thus,  dehydration  by  azeotropic  distillation 
with  toluene  gave  us  (llld),  the  yield  of  which,  however,  was  only  lOfc,  since  also  in  this  case  the  reaction  \;ent 
mainly  toward  the  formation  of  pyrazolidinones  and  triazines. 


Oil 

I 


I 


O 


(:GH-,-cn=c-c^' 

II 

N  N-NH., 


(Illd) 


CoH5-CM==C-C:^ 


N  N— n=c:h(:uH5 


Cell-. 


(Ille) 


o  o 

c;j.||._cn=c— — >  CcH5-CH=C;-C^ 


N  Nil 


I  I 

N  N— NO 


(Ilia) 


C,:ll 


(i''3 


(IIIO  Colls 


To  improve  the  synthesis  of  (Illd)  we  cyclized  the  benzylidenehydrazide  of  a-bcnzamidocinnamic  acid 
(VII)  to  the  benzylideneimino  derivative  (Ille).  Benzylidenehydrazide  (\TI),  obtained  in  high  yield  by  the  con¬ 
densation  of  a-benzamidocinnamic  acid  hydrazide  (IV)  with  benzaldehyde,  when  treated  with  hydrobromic  acid, 
or  even  better  when  heated  with  phosphorus  oxychloride  [12'i,  is  cyclized  in  high  yield  to  the  imidazolinone  (IIIc). 
All  attempts  to  hydrolyze  this  compound  to  the  amino  derivative  (llld)  (refluxing  in  alcohol,  saturated  with  hydro¬ 
gen  chloride,  refluxing  with  coned,  hydrochloric  acid,  etc.)  proved  unsuccessful.  The  azomethine  bond  proved 
to  be  unusually  stable  to  hydrolysis. 

It  is  interesting  that  we  were  also  unable  to  effect  the  reverse  reaction,  i.e,,  obtain  the  benzylideneimino 
derivative  (Ille)  from  (Illd).  The  latter  failed  to  react  with  benzaldehyde  in  the  presence  of  various  agents. 

Even  refluxing  (Illd)  in  benzaldehyde  failed  to  achieve  the  desired  purpose. 

The  peculiar  character  of  the  amino  group  found  in  the  3  position  of  the  imidazolinone  ring  is  also  mani¬ 
fested  in  its  other  properties.  Thus,  it  is  an  extremely  weak  base  (Kjj<  10"^^).  We  studied  the  diazotization  of 
the  amino  group  in  (Illd);  it  proved  that  this  reaction  does  not  go  normally  in  aqueous  hydrochloric  or  sulfuric 
acid.  Only  when  the  sodium  nitrite  is  added  to  a  hot  solution  of  the  amino  derivative  (Illd)  in  glacial  acetic 
acid  does  deamination  occur,  resulting  in  the  formation  of  2-phenyl-5-benzylidene-l-imidazolin-4-one  (Ilia). 

A  siinilar  deamination  was  know’n  earlier  for  the  case  of  the  arninopyrazolinones  [13-15].  The  use  of  excess  sodium 
nitrite  yields  3-niiroso-2*phenyl-5-benzylidcne-l-imidazolin-4-one(IIIf),  obtained  by  the  nitrosation  of  the  ini¬ 
tially  foDned  (Ilia).  This  was  shown  by  the  direct  nitrosation  of  an  authentic  sample  of  (Ilia)  under  the  same  con¬ 
ditions. 
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The  reason  for  the  amino  group  in  the  3  position  of  the  imidazoUnonc  ting  showing  so  many  unusual  pro¬ 
perties  is  probably  due  to  the  fact  that  this  amino  group  is,  on  the  one  haii'l,  the  amino  group  of  an  unsymmetrical 
diacylhydrazinc,  and  on  the  other  hand,  because  the  free  pair  of  electrons  of  the  nitrogen  atom  is  drawn  into  reac¬ 
tion  with  the  carbonyl  and  amidinc  groups  of  the  ring.  As  a  result  of  this  the  basic  properties  of  the  amino  group 
in  find)  are  vsreakened,  and  the  ability  to  form  a  new  [in  the  case  cf  (Illd)]  or  to  cleave  an  already  existing  [in 
tlie  case  of  (IIIe)]azomcihine  linkage  is  suppressed. 

The  compounds  obtained  by  us  [(Illd),  (Ille)  and  (ITlOi,  as  well  as  those  described  earlier  (Ilia)  [63  and  (file) 
[I]  ,  proved  to  be  completely  devoid  of  antibacterial  activity,  which  supports  the  validity  of  our  theory  that  it  is 
necessary  to  have  a  N -hydroxy  group  present  iii  the  imidazoUnonc  ring  in  order  to  obtain  physiological  activity. 
However,  tins  docs  not  mean  that  the  mechanism  of  the  antibacterial  action  of  our  earlier-described  [l]2-aryl- 
5-arylidene-l -imida'/olin-3-ol- l-oucs  is  similar  to  the  mechanism  of  the  anritubercular  action  of  aspergillic  acid. 
Tor  the  latter  it  was  both  proposed  [5]  and  shown  [IGjthat  its  activity  is  connected  with  the  removal  of  heavy 
metals,  in  particular  of  iron,  from  the  metabolic  processes  essential  for  the  lifeactivity  of  Mic.  tuberculosis,  due 
to  the  formation  of  complexes. 

A  study  of  the  absorption  spectra  of  the  imidazolinoloncs  (I)  in  the  presence  of  heavy  metal  ions  revealed 
that  the  imidazolinoloncs  do  not  form  ccitiplcxes  with  nictalsUn  particular,  with  copper  and  iron.  This  gives  us  a 
basis  to  assume  that  the  mechanism  of  the  antibacterial  action  of  the  imidazolinoloncs  (1)  differs  from  the  mecha¬ 
nism  of  the  action  of  aspergillic  acid,  and  most  probably  reduces  to  the  fact  that  (I)  acts  as  a  special  kind  of  hydrox 
amic  acid  on  certain  fermentive  systems  [17-19]. 

The  authors  wish  to  thank  M.  A.  Dreger  for  furnishing  the  results  of  the  microbiological  tests  and  V.  G.  Vino¬ 
kurov  for  making  a  spectroscopic  study  of  the  imidazolinones. 

EX  PERIMENTAL 

a-nenzamido-3 -phcnylacrylic  acid  h^’drazidc  (IV).  A  solution  of  20  g  of  hydrazine  hydrate  in  500  ml  of 
methanol,  acidified  to  pH  6  with  acetic  acid,  was  added  to  25  g  of  2-phcnyl-4-ben?yHdone-2-oxazoHn-5-one. 

The  yellow  precipitate  of  azlactone  went  into  solution,  and  after  30-40  min  the  hydrazide  began  to  deposit  as 
cubic  crystals.  After  3  hr  the  precipitate  was  filtered  and  washed  with  methanol  and  ether.  Yield  18  g  (64*70), 
m.p.  158-159".  The  motlier  liquor  was  evaporated  in  vacuo  to  a  volume  of  80-100  ml  and  then  alkalized  to  pH 
7-7.2  with  aqueous  caustic  solution.  Here  we  obtained  8.6  g  (287o)  of  the  hydrazide  nionohydrate,  m.p.  148-150*. 
Total  yield  92*70.  I.iteraturc  data:  m.p.  of  anhydrous  hydrazide  157-158*  [20],  of  the  monohydrate  151-153*  [10]. 

g-Dcnzamido-fl  -phenylacrylic  acid  bcnzylidenehydrazide  (VII).  A  solution  of  14  g  of  a-bcnzamido-5 - 
phcnylacrylic  acid  hydrazide  in  100  ml  of  nicthanol  was  prepared  by  heating,  and  then  6  g  of  benzaldchyde  was 
added.  The  solution  was  stirred  without  heating  for  1,5-2  hr,  after  which  the  obtained  white  crystalline  preclpitatt 
was  filtered  and  washed  with  methanol  and  ether.  Yield  16,3  g  (89*7o),  m.p.  231-232*. 

Pound  7o:  N  11.15.  C23Hi90jN3.  Calculated  °lo-.  N  11.11. 

3j|^Amino-2-phenyl-5-benzyHdcne-l-iniidazoHn-4-one  (Illd).  A  suspension  of  5  g  of  a-benzamido-8 - 
phenylacrylic  acid  hydrazide  monoliydratc  in  150  ml  of  toluene  was  distilled  to  remove  the  water  as  an  azeo¬ 
tropic  mixture,  and  then  at  the  end  evaporated  in  vacuo  to  dryness.  The  residue  was  dissolved  in  100  ml  of  hot 
alcohol.  After  a  day  0.5  g  (ll7o)  of  3-amino-2-phenyl-5-bcnzyHdene-l-imidazoHn-4-one  deposited  as  yellow 
needle  crystals  with  m.p.  192-193*. 

Found  *70;  C  72.79;  H  4.97;  N  15.92.  CigHijONj.  Calculated  ^,01  C  72.98;  H  4.94;  N  15.97. 

A  mixture  of  5-phenyl-4-benzanndo-3-pyrazoHdinone  (V)  and  3-phenyl-5-benzyl-6-hydroxy-l,2,4-tria- 
zinc  (VI)  was  isolated  from  the  mother  liquor  (see  [11]). 

3-BcnzaiTiido-2-phenyl-5-hcnzyHdcnc-l -imidazoHn-4-one  (MIc).  a)  A  solution  of  3.7  g  of  a-benzamido  • 

3 -phenylacrylic  acid  bcnzylidenehydrazide  in  37  rnl  of  acetic  acid,  containing  0.8  g  of  hydrogen  bromide,  was 
refluxed  for  5  minutes.  A  copious  white  precipitate  deposited,  which  after  cooling  was  filtered  and  washed  with 
alcohol  and  ether.  Yield  2.4  g  (GS'7o),  m.p.  182-183"  (from  a  mixture  of  alcohol  and  chloroform). 

b)  A  suspension  of  7.4  g  of  a-bcnzamido-3 -phenylacrylic  acid  benzylidcnehydrazide  in  50  ml  of  chloro¬ 
form  was  treated  with  15  ml  of  phosphorus  oxychloride,  and  then  the  mixture  was  refluxed  on  die  water  bath  for 
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3-4  hr.  The  clear,  pale-yellow  reaction  mixture  was  poured  over  ice,  after  which  the  chloroform  layer  was  se¬ 
parated,  washed  with  sodium  carbonate  solution,  dried,  and  evaporated  to  a  volume  of  20  ml.  The  residue  was 
treated  with  25-30  ml  of  alcohol  and  the  mixture  rubbed  until  crystallization  started.  The  obtained  crystals  were 
filtered  and  washed  with  alcohol.  Yield  6.8  g  (967o). 

Found  %:  C. 78.68;  H  5.02.  CjaHnONa.  Calculated  C  78.61;  H  4.84. 

2-Phciiyl-5-benzanndo-l-inudazolin-4-onc  (Ilia).  A  solution  of  0.25  g  of  3-amino“2-phenyl“5-benzyli- 
dcne-l-imidazolin-4-onc  in  30  nil  of  hot  acetic  acid  v.'as  treated  with  0.09  g  of  sodium  nitrite  and  then  the  mix¬ 
ture  was  heated  on  the  boiling  v/aier  bath  for  30  min.  Then  tlie  mixture  was  cooled,  diluted  with  100  ml  of  water, 
and  the  obtained  precipitate  was  filtered  and  then  recrystallizcd  from  the  minimum  amount  of  acetic  acid.  The 
compound  was  obtained  as  yellow  plates  with  in.p.  270-272*.  The  mixed  melting  point  with  authentic  2-phenyl- 
5-bcnzylidcnc-l-imidazolin-4-one  [7]  was  not  deprcs-cd. 


3-Nitroso-2-p!icnyl-5-benzylidenc-l-inudazolin-4-one  (Illf).  A  solution  of  0.5  g  of  3-amino-2-phenyl- 
5-benzylidcnc-l-imidazoliii-4-one  in  50  ml  of  hot  acetic  acid  was  treated  with  0.69  g  of  sodium  nitrite  and  the 
mixture  heated  at  100*  for  1  hr.  Tiic  mixture  was  cooled  to  give  0.18  g(37'’/o)  of  a  yellow'  crystalline  precipitate 
with  m.p.  263-265'.  The  same  compound  was  obtained  in  55'’/o  yield  by  the  nitrosation  of  authentic  2-phenyl-5- 
bcnzylidcnc-l-inndazoIin-4-onc  under  similar  conditions. 

Found  '7o;  N  15.09.  CisHnOzNj.  Calculated  N  15.20, 


SUMMARY 

1.  Some  derivatives  of  2-phcnyl-5-bcnzylidene-l -imidazolin-4-one  were  obtained,  containing  substituents 
on  the  nitrogen  in  the  3  position. 

2.  The  mechanism  of  the  antibacterial  action  of  2-arylidene-l-imidazo!in-3-ol-4-ones  was  discussed. 
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III  studying  the  reaction  of  azlactones  with  hydroxylamine,  serving  as  a  base  for  the  development  of  a  me¬ 
thod  of  synthesis  of  a-acylamino-fl -arylacryloylhydroxamic  acids  [1],  we  observed  that  the  melting  point  of  the 
obtained  unsaturated  hydroxamic  acids  changes  substantially  depending  on  the  reaction  conditions  used.  Thus, 
when  2-phcnyl-4-bcnzylidenc-2-oxazolin-5-one  is  reacted  with  hydroxylamine  (free  base)  at  20-25*  or  with  hy- 
droxylaminc  acetate  at  50’  tlie  obtained  a-bcnzoylamino-6 -phenylacryloylhydroxamic  acid  has  m.p.  125-127*; 
reaction  of  the  same  oxazolinone  with  hydroxylamine  acetate  in  the  cold  gives  a  hydroxamic  acid  with  m.p. 
lOG-107’.  Since  repeated  purification  of  both  specimens  failed  to  change  the  melting  point,  wliile  their  catalytic 
hydrogenation  led  to  tlie  same  N-benzoyl-3 -phcnylalanylhydroxamic  acid,  it  was  natural  to  assume  that  the  dif¬ 
ference  in  the  two  specimens  of  unsaturated  hydroxamic  acid  obtained  by  us  could  be  due  to  cis-trans  isomerism. 

Since  the  opening  of  the  oxazolinone  ring  by  the  hydroxylamine  docs  not  involve  the  scmicyclic  double  bond, 
then  it  is  obvious  that  the  geometric  isomerism  of  the  formed  unsaturated  hydroxamic  acids  under  sufficiently  mild 
reaction  conditions,  excluding  isomerization  of  the  double  bond,  should  correspond  to  the  geometric  isomerism  of 
the  starting  azlactones.  As  a  result,  tlicse  two  problems  arc  closely  related,  and  in  this  paper  we  present  data  that 
enable  arriving  at  a  definite  conclusion  as  to  the  configuration  of  the  two  isomers  of  2-phenyl -4-benzylidene-2- 
oxazolin-5-onc  and  the  hydroxamic  acids  formed  from  them 

Despite  the  large  number  of  papers  devoted  to  the  chemistry  of  azlactones,  the  problem  as  to  their  stereo¬ 
chemistry  remains  unsolved.  In  some  cases  [2-4]  the  azlactones  were  isolated  intwo  forms,  but  the  data  given  by 
the  authors  did  not  permit  making  any  definite  conclusions  as  to  the  stereochemistry.  The  closest  to  solving  the 
problems  were  Carter  and  Risser  [7],  who  obtained  the  two  isomers  of  2-phenyl-4-bonzylidene-2-oxa7olin-5-one 
from  the  two  diastcreomcric  O-methyl-N-bcnzoyl-fl -phenylserincs,  one  of  which  (m.p.  167-168*),  also  obtained 
by  the  Erlcnmeycr  synthesis  from  the  azlactone,  was  more  stable,  while  the  second  (m.p.  148-150*)  was  easily 
converted  to  the  high-melting  isomer  by  treatment  with  bases.  Although  it  was  shown  on  the  basis  of  the  hydrolysis 
and  alcoholysis  results  that  the  isomerism  exhibited  by  the  azlactones  is  of  the  cis-trans  type,  still  a  definite  con¬ 
figuration  could  not  be  assigned  to  them. 

To  solve  this  problem  we  synthesized  both  of  tlie  isomeric  2-phcnyl-4-bcnzyUdenc-2-oxazolin-5-ones; 
here,  since  according  to  the  data  of  Carter  [6]  the  mechanism  for  the  formation  of  azlactones  from  8 -hydroxy-, 
8-alkoxy-  and  8 -acyloxy-a-acylamino  acids  proceeds  by  a  different  mechanism,  we  started  with  the  8 -phenyl¬ 
serincs,  the  configuration  of  which  had  been  rigidly  established  [7-10], 

The  bcnzoylation  of  crythro-3 -phcnylscrine  (La)  and  its  threo-isorner  (Ib)  under  mild  conditions  gave  ery- 
thro-N-bcnzoyl-8  -phenylserine  (Ha)  and  threo-N-benzoyl-3  -phenylserinc  (lib),  respectively.  The  stable  isomer 
of  2-phcnyl-4-benzylidcnc-2-oxazolin-5-one  with  m.p.  167-168*  ( Illb)  is  formed  in  good  yield  when  the  threo- 
Isomer  (Ilb)  is  heated  with  acetic  anhydride  for  a  sliort  time.  The  erythro -isomer  (ILa)  under  the  same  conditions 
gives  the  labile  azlactone  (Ilia)  with  m.p.  148-150*  together  with  (Illb),  in  which  connection  the  amount  of  the 
latter  increases  the  longer  the  heating, due  to  conversion  of  (Ilia)  to  (Illb),  which  takes  place  under  the  reaction 
conditions  [5]. 
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Since  the  unsniuratcd  azlactoncs  arc  formed  from  N-benzoyl-8 -phcnylserine  through  the  intermediate  un¬ 
saturated  hydroxylactone  [11],  then  in  the  final  analysis  the  configuration  of  tlie  formed  unsaturaied  azlactone  is 
determined  by  the  stcrcocliemical  course  of  the  cleavage  of  a  water  molecule  from  the  intermediate  product. 
Since  this  process  should  proceed  via  trans-elimination,*  it  must  be  assumed  that  the  threo-N-bcnzoyl-6 -phenyl- 
serine  (lib)  should  give  the  ttans-azlactone  (Ilfb),  while  the  erythro-isonicr  (Ha)  should  give  the  cis-azlactone 
(Ilia).*  • 
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The  greater  stability  of  the  trans-azlactone  (Illb)  when  compared  with  the  cis-isomer  (Ilia)  must  primarily 
be  explained  by  the  stronger  stabilization  of  the  (Illb)  configuration  due  to  a  more  complete  conjugation  of  the 
phenyl  ring  with  the  carbonyl  group  than  with  the  azomethine  litikage.  It  is  well  knov/n  that  such  conjugation  is 
manifested  much  mote  clearly  for  groupings  found  in  the  trans-position  to  each  other.  Our  theory  regarding  the 

•  The  trans  rule  should  be  observed  in  the  case  of  E^-climination.  However,  also  in  the  case  of  Ej -elimination 
it  is  hardly  possible  to  assume  tlie  formation  of  a  stable  carbanion;  consequently,  also  in  this  case  the  process  should 
proceed  mainly  via  trans-elimination  [12]. 

•  *  We  determine  the  cis-trans  isomerism  of  the  azlactones  by  the  mutual  arrangement  of  the  phenyl  ring  and  the 
carbonyl  group  of  the  azlactone  ring  at  the  sernicyclic  double  bond. 
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conflgur.ition  of  the  obtained  isomeric  aziactones,  in  itself  lacking  sufficient  proof,  found  complete  confirmation 
In  the  properties  of  the  stcreoisomeric  unsatiuated  hydroxamic  acids  formed  from  the  azlactones.  Two  Isomeric 
a-benzoylamino-fi -phenylacryloylhydroxamic  acids  v/ith  m.p.  125-127*  (IVa)  and  106-107*  (IVb)  are  formed  re¬ 
spectively  when  (Ilia)  and  (Illb)  are  reacted  w’ith  hydroxylamine  acetate  at  room  temperature. 

Running  the  reaction  with  hydroxylamine  acetate  at  elevated  temperature  (50‘)  leads  to  the  formation  of  die 
more  stable  isomer  with  m.p.  125-127*  (IVa)  from  (Illb),  which  is  also  obtained  from  (Illb)  by  treating  it  In  the 
cold  with  hydtoxylan)ine  (free  base).  The  catalytic  hydrogenation  of  (IVa)  and  (IVb),  using  palladium  deposited 
on  barium  sulfate  (l]as  the  catalyst,  gives  the  same  N -benzoyl -6-phenylalanylhydroxamic  acid,  and  consequently 
(IVa)  and  (IVb)  are  geometric  isomers. 

Since  the  absence  of  isomerization  at  the  semicyclic  double  bond  of  the  azlactone  could  be  expected  under 
mild  reaction  conditions  (hydroxylamine  acetate  at  room  temperature),  then  obviously,  starting  with  the  earlier 
adopted  conjectural  configuration  for  the  starting  azdactenes,  the  cis-configuraticn  must  be  assigned  to  the  high- 
melting  isomer  (IVa),  and  the  trans-configuration  to  Isomer  (IVb).  We  determine  the  configuration  of  the  a-ben- 
zoylamino-0  -phcnylacryloylhydroxamic  acids  by  the  mutual  arrangement  of  the  phenyl  ring  and  the  hydroxamic 
grouping  at  the  double  bond. 


pH 


Amount  of  alkali  solutlonfin  ml) 

Fig.  1.  Rotentiomctric  ti¬ 
tration  curve  of  trans-a- 
bcnzoylamino-3  -phenyl - 
acryloylhydroxamic  acid. 


pH 


Amount  of  alkali  solution  (in  rnl) 

Fig.  2.  Potcntlometric  titration 
curve  of  cis-rt-bcnzoylamino- 
8  -phcnylacryloylhydroxamic 
acid. 


To  obtain  experimental  confirmation  of  the  configurations  adopted  by  us  for  (IVa)  and  (IVb)  [and  likewise 
(Ilia)  and  (Illb)]  we  made  resort  to  the  potcntiomctric  titration  data.  Assuming  that  a  greater  transfer  of  influence 
across  the  double  bond  occurs  in  tlie  case  of  trans-position,  it  could  be  cxjx:cted,  in  accordance  with  the  configura¬ 
tion  given  above,  that  the  acidity  constant  for  the  hydroxamic  grouping  (Kj)  will  be  greater  for  the  trans-isomer 
(IVb)  than  for  the  cis-isomer  (IVa).  On  the  other  hand,  the  acidity  constant  of  the  benzoylamino  group  (K^)  will 
be  greater  for  the  cis-isomer,  since  in  this  isomer  the  phenyl  ring  and  the  benzoylamino  group  are  found  trans  to 
each  other.  This  assumption  was  fully  confirmed  by  the  experimental  data.  Potentiometric  titration  of  the  two 
isomers  gave  pK^  =  7.9  and  pK2  =  8.4  for  (IVa),  and  pK^  =  7.6  and  pKj  =  8.7  for  (IVb)  (see  Figs.  1  and  2). 

As  can  be  seen,  the  ratio  of  the  acidity  constants  of  the  hydroxamic  and  benzoylamino  groupings  in  the  two 
isomers  supports  the  fact  that  (IVa)  has  the  cis-configuration,  and  (IVb)  the  trans-configuration.  These  data,  pro¬ 
ving  the  configuration  of  the  obtained  acids,  at  tlie  same  time  support  the  configuration  adopted  by  us  for  the 
starting  2-phcnyl-4-benzylidenc-2-oxazolin-5-oncs:  the  high-melting  isomer  (Illb)  has  the  trans-configuration,  • 
while  the  low-melting  isomer  (Ilia)  has  the  cis-configuration.  As  a  result,  we  were  the  first  to  establish  the  con¬ 
figuration  of  the  tw'o  geometric  isomers  of  the  azlactone. 

These  data  also  permit  establishing  the  configuration  of  the  diastercomeric  O-mcthyl-8 -phcnylserincs,  used 
by  Carter  and  Risser  as  starting  materials  for  the  synthesis  of  the  isomeric  azlactones  [7]:  the  O-methyl-8 -phenyl- 
serine  isomer  with  m.p.  260*  proved  to  be  the  erythro-isomer,  while  the  isomer  with  m.p.  196*  was  the  threo-isomer. 
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It  should  be  mentioned  that  establishing  the  structure  and  configuration  of  the  O-methyl-B -phenylserincs 
by  conversion  to  6 -phenylserincs  of  authentic  configuration  does  not  lead  to  success  [14,  15]. 

EX  PERIMENT A  L 

Erythro-N-benzoyl-S  -phcnylscrinc  (Ila).  A  suspension  of  10  g  of  the  hydrochloride  of  the  ethyl  ester  of 
crythro-B -phenylscrine  [12]  in  150  ml  of  2N  methanolic  KOil  solution  was  stirred  for  1  hr,  after  which  it  was 
evaporated  in  vacuo  at  20"  to  a  volume  of  50-G0  ml  and  the  residue  treated  with  100  ml  of  water.  The  clear 
solution  was  cooled  to  -3  to  0*  and  then  15  ml  of  benzoyl  chloride  was  added.  After  2  hr  the  mixture  was  acidi¬ 
fied  at  0"  with  dilute  hydrocliloric  acid  to  pM  4  and  then  extracted  with  ether.  The  ether  extracts  were  washed 
with  water,  dried  over  sodium  sulfate  and  then  evaporated  on  the  water  bath,  at  the  end  under  vacuuni.  The  dry 
residue  was  rcRuxed  with  100  ml  of  ether,  cooled,  and  the  precipitate  was  filtered  and  washed  with  ether.  Yield 
5.7  g(487o),  m.p.  190-193".  Literature  data  [13]:  m.p.  197-198". 

Thrco-N-bcnzoyl-B -plicnylscrinc  (lib).  A  solution  of  9  g  of  threo-B -phenylserinc  [10]  in  150  ml  of  107o 
NaOM  solution  was  treated  at  0-5*  with  20  ml  of  benzoyl  chloride.  At  the  end  of  reaction  the  solution  was  acidi¬ 
fied  at  0"  with  dilute  hydrochloric  acid,  after  which  the  obtained  precipitate  was  filtered  and  washed  with  water 
and  with  ether.  Yield  9.1  g(Cvl7‘>),  ni.p.  15S-1C2*.  After  purification  through  the  phenethylamine  salt  (ni.p.  180- 
182")  the  melting  point  of  the  pure  ihrco-N-bcnzoyl-B -phenylserinc  was  161-1G2’  (from  aqueous  alcohol). 

Found  7f>:  N  5.06.  Ci6ni504N.  Calculated N  4.91. 

Cis -2 -phenyl -4 -benzyl idene-2-oxazol in -5-onc  (Ilia).  A  suspension  of  4.4  g  of  erythro-N-benzoyl-B -phenyl- 
scrinc  in  25  ml  of  acetic  anhydride  was  heated  on  the  boiling  water  bath  for  8-10  min.  A  precipitate  of  2.2  g  of 
irans-2-p!icnyl-4-bcnzylidene-2-oxazolin-5-one  was  obtained  on  cooling;  the  filtrate  was  poured  into  150  ml  of 
ice  water  and  stirred  vigorously  for  2  hr.  The  yield  of  crude  cis-azlactone  as  a  viscous  yellow  mass  was  1.9  g, 
m.p.  110-125".  The  substance  was  purified  by  conversion  to  «-bcnzoylaminocinnamic  acid,  and  subsequent  azlac- 
tonization  witli  acetic  anhydride  [5]  gave  1.1  g(287o)  of  cis-2-phcnyl-4-benzylidcnc-2-oxazolin-5-one  with  m.p. 
148-M9".  literature  data  [4,5];  m.p.  148-150*. 

Trans-2-phcnyl-4-bcnzylidcnc-2-oxazolin-5-onc  (Illb).  A  suspetrsion  of  3  g  of  threo-N-bcnzoyl-B -phcnyl¬ 
scrinc  in  15  ntl  of  acetic  anhydride  was  heated  for  5-10  min  on  the  boiling  water  bath.  The  solution  was  poured 
into  100  ml  of  ice  water,  stirred  for  1  hr,  and  tlic  resulting  precipitate  separated  by  filtration.  The  yield  of  trans- 
2-phcnyl-l-bcnzylidcnc-2-oxazolin-5-one  was  2.4  g(927‘'),  m.p.  16G-1G7*.  Literature  data  [5]:  m.p.  1G6-168*. 

Cis-a-bcnzoy^larnino-S -phcuylacryloylhydroxamic  acid  (IVa).  a)  Ten  grams  of  the  2-bcnzylideneoxazo- 
lin-5-onc  was  added  to  200  ml  of  a  0.5N  methanolic  solution  of  hydroxylamine  acetate,  warmed  to  45-50*.  After 
4  hr  the  mixture  was  cooled  to  10",  200  ml  of  water  was  added,  the  whole  kept  at  -10*  for  lG-20  hr,  after  which 
the  obtained  colorless  precipitate  was  filtered,  washed  v;ith  water,  ethyl  acetate, and  ether,  and  then  rcprccipitated 
(sec  [1  ]).  Yield  4.7  g(427o),  m.p.  125-127*.  Literature  data  [IG]:  m.p.  12G-128*. 

b)  Two  grams  of  the  cis-2-p!icnyl-4-bcnzylidcne-2-oxazolin-5-onc  was  dissolved  in  40  ml  of  a  0.5N  me¬ 
thanolic  solution  of  hydroxylamine  acetate.  After  1.5  hr  we  isolated,  as  described  above,  l.G  g  (7l7o)  of  cis-a- 
bcnzoylamino-B -phcnylacryloylhydroxamic  acid  with  m.p.  125-127*. 

c)  Reaction  of  the  trans-2-phcnyl-4-bcnzylidenc-2-oxazolin-5-one  with  hydroxylamine  (free  base)  [14] 
gave  the  cis-o-bcnzoylamino-B -phcnylacryloylliydroxamic  acid  in  507o  yield,  m.p.  125-127*.  Rcprccipitation 
fails  to  change  the  melting  point;  pK^  =  7.9;  pKj  =  8.4  (sec  Fig.  2). 

Trans- CT-bcnzoylamino-B  -phcnylacryloylhydroxamic  acid  (IVb).  Using  the  procedure  described  in^),  we 
obtained  9.1-10.6  g(80-947o)  of  trans-o-bcnzoylamino-B -phcnylacryloylliydroxamic  acid  v;ith  m.p.  106-107* 
from  10  g  of  trans-2-phcnyl-4-benzylidcnc-2-oxazolin-5-one;  pK^  =  7.6;  pK2  =  8.7  (sec  Fig.  1). 

Hydrogenation  of  cis-  and  trans-cr-bcnzoylamino-B -phcnylacryloylliydroxamic  acids.  A  solution  of  2.8  g 
of  cis-«-bcnzoylamino-B -plieuylacryroylhydroxamic  acid  (m.p.  125-127")  in  50  ml  of  methanol  was  hydrogenated 
in  a  goose-necked  bottle  using  57o  palladium-on-BaS04  as  the  catalyst.  One  mole  of  hydrogen  was  absorbed  with¬ 
in  an  hour.  The  catalyst  was  filtered,  v/hilc  the  filtrate  was  evaporated  to  a  volume  of  16-20  ml  and  then  treated 
v/ith  50  ml  of  water.  After  12  hr  at  -  10"  v/c  obtained  2.5  g  (887u)  of  N-bcnzoyl-B -phcnylalanylhydroxamic  acid 
(V)  with  m.p.  146-147".  The  substance  is  readily  soluble  in  alcohol  and  acetone,  gives  a  characteristic  color 
with  ferric  chloride  solution,  and  decolorizes  Fchling  solution. 
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Employing  similar  conditions,  v/e  obtained  2.53  gCOl^o)  of  N-benzoyl-8 -phenylalanylhydroxarnic  acid  with 
m.p.  14C-14T  from  2.8  g  of  trans-a-bcn/.oylamino-d -phcnylacryloylhydroxamic  acid  (m.p.  106-107*),  which 
proved  to  be  identical  v/ith  the  compound  obtained  fioni  the  hydrogenation  of  the  cis-isomer. 

SU  MMA  RY 

1.  The  configuration  of  the  stereoisomer ic  2-phenyl ~4-l).anzyUdenc-2-oxazolin-5-oncs  v/as  determined, 
which  is  the  first  example  of  establishing  the  configuration  of  unsaturated  azlactones. 

2.  The  configuration  of  the  stereoisomeric  a-benzoylarnino-B -phcnylacryloylhydroxamic  acids  was  esta- 
blis'ned. 
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WITH  NITROGEN-CONTAINING  BASES 

'  VIII.  CHI.OROACETYLATION  OF  PRIMARY  AROMATIC  AMINES 
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In  the  preceding  communication  one  of  us  put  forward  a  method  of  chloroacctylation  of  amines  using  ketcne 
and  monochloroacetic  acid  [1  ].  It  was  subsequently  found  that  the  method  justifies  itself  over  a  wide  range  of 
basicities  of  aromatic  amines.  For  example,  o-nitroanilinc  with  a  dissociation  constant  of  K25  =  0.56. 10“*^  is 
chloroacctylated  just  as  easily  as  S -naphthylamine  with  K25  =  0.2*  10"®.  Difficulties  arc  encountered  in  the  iso¬ 
lation  of  the  chloroaccto  derivatives  in  the  pure  form.  It  was  found,  however,  that  the  reaction  products  are  se¬ 
parated  with  facility  in  a  medium  of  aqueous  alcohol  or  acetic  acid. 

Chloroacctylation  of  amines  by  acid  chlorides  should  preferably  be  performed  with  a  ratio  of  one  mole  of 
chloroacetyl  chloride  to  two  moles  of  amine  [2],  since  it  is  essential  that  the  hydrogen  chloride  should  be  bound 
by  tlie  excess  of  amine  to  form  the  corresponding  salt.  This  ratio  proved  unsuitable  for  chloroacctylation  with 
the  mixed  anhydride  of  chloroacetic  and  acetic  acids.  The  anticipated  chloroacetonaphthalidc  is  not  formed  if 
two  moles  of  6 -naphthylamine  are  taken  per  mole  of  monochloroacetic  acid;  the  main  product  of  the  reaction 
is  N-( 8 -naphthylglycine)-8 -naphthylamine,  and  unchanged  8 -naphthylamine  is  recovered.  This  reaction  course 
is  a  consequence  of  the  chloroacetonaphthalidc  entering  into  further  condensation  due  to  the  very  high  lability 
of  the  chlorine  atom. 
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A  similar  picture  is  observed  with  a-naphthylamine  and  other  amines.  The  most  favorable  ratio  is  0.7  mole 
of  amine  per  mole  of  chloroacetic  acid;  the  yield  of  chloroaccto  derivatives  then  varies  between  50  and  707o  cal¬ 
culated  on  the  original  amine. 


EX  PERIMENT A  L 

The  mLxed  anhydride  of  monochloroacetic  and  acetic  acids  v;as  prepared  by  passage  of  ketene  into  chloro¬ 
acetic  acid.  The  reaction  was  considered  at  an  end  when  the  acid  had  dissolved  completely  and  heat  was  not  li¬ 
berated.  The  resulting  niixture  was  used  for  the  subsequent  syntheses  without  fractional  distillation.* 

•  Check  experiments  run  with  the  pure  mixed  anhydride  did  not  lead  to  higher  yields  of  reaction  products. 
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a-Cliloroacctonaphthali<Je.  Keten-e  was  passed  into  10  g  of  monochloroacetic  acid  until  tlic  inLxcd  anhydride 
had  been  formed.  Tlic  solution  was  run  into  10  g  of  a-naphthylamine  and  the  latter  dissolved  completely.  Reac¬ 
tion  temperature  87*.  After  cooling,  the  reaction  mixture  crystallized  completely,  the  crystals  were  washed  many 
times  on  the  filter  with  hot  water.  Yield  9.3  g  {607o)  of  a-chloroacetonanhthalide  with  m.p.  160-161’  (from  al¬ 
cohol).* 

Found  %:  Cl  16.20.  CijliuONCl.  Calculated  fo:  Cl  16.14. 

5  -Chloroacctonaphthalide.  The  mixed  anhydride  from  10  g  of  monochloroacetic  acid  v/as  run  into  10  g  of 
3 -naphtliylaminc.  The  resulting  crystals  were  washed  with  hot  water  and  then  boiled  in  150  ml  cf  water  (a  large 
part  remained  in  the  form  of  a  heavy  oily  layer).  Alcohol  was  run  into  the  boiling  solution  until  the  oil  had  dis¬ 
solved.  Tlic  solution  was  filtered  and  30  ml  of  water  was  added  to  the  filtrate.  The  resulting  voluminous,  white 
precipitate  was  filtered,  waslicd  with  warm  water  and  dried  at  100*.  Yield  8.4  giSS^o)  oi'  6 -chloroacctonaphthalide 
with  m.p.  116-118*. 

Found  '/u:  Cl  16.21.  Ci2HioOh;Cl.  Calculated  '■%  Cl  16.14. 

N-(6 -Naphthy^glycine)-6 -naphthylamide.  To  14  g  of  3 -naphthylamine  was  added  the  mLxed  anhydride 
prepared  from  5  g  of  monochloroacetic  acid.  The  product  was  washed  many  times  and  rccrystallized  from  aqueous 
alcohol.  Yield  4.5  g  of  N-(3 -naphthylglycinc)-S -naphthylamide  with  m.p.  171-173*,  in  agreement  with  Beil- 
stein  [3].  The  amount  of  6 -naphthylamine  recovered  was  10  g.  Chloroacctonaphthalide  was  not  detected. 

p-Mitrochloroacetanilide.  The  anhydride  prepared  from  5  g  cf  chloroacctic  acid  was  mixed  with  4.6  g  of  p- 
nitroaniline.  The  temperature  rose  spontaneously  to  85*  and  tlic  crystals  dissolved.  After  cooling,  the  mixture 
crystallized.  After  preliminary  washing  with  water,  the  reaction  product  was  washed  and  recrystalUzed  from  con¬ 
centrated  acetic  acid  in  presence  of  carbon.  Yield  4.1  g(58'7o)  of  p-nitrochloroacetanilide  with  m.p.  181-183*. 

Found  7o:  Cl  16.65.  C8H7O3N2CI.  Calculated  %  Cl  16.52. 

m-Nitrochloroacetaiiilide.  The  anhydride  prepared  from  5  g  of  chloroacetic  acid  was  mixed  with  4.6  g  of 
m-nitroauiline.  Reaction  temperature  73*.  After  cooling,  the  mixture  crystallized  within  a  few  hours.  Washing 
with  hot  water  and  crystallization  from  alcohol  gave  5.7  g  (76.770) of  m-nitrochloroacetanilide  with  m.p.  110-111*. 

Found  %  Cl  16.34.  C8H7O3N2CI.  Calculated  7o:  Cl  16.52. 

o-Nitrochloroacetanilide.  The  anhydride  prepared  from  5  g  of  monochloroacetic  acid  was  mixed  with  4.6  g 
of  o-nitroanilinc.  The  crystals  went  into  solution  and  later  the  mixture  crystallized.  Yield  4.6  gf&l.ST*)  of  o- 
nitrochloroacetanilide  with  m.p.  87-89*  (from  acetic  acid). 

Found  7o:  Cl  15.74.  C8H7O3N2CI.  Calculated  7o:  Cl  16.52. 

m -nromochloroacetanilide.  The  anhydride  prepared  from  4.7  g  of  chlcroaceiic  acid  was  mixed  with  6  g 
of  m-bromoaniline.  Considciablc  heat  was  liberated.  The  resulting  crystals  were  washed  and  crystallized  from 
an  alcoholic  aqueous  medium.  Yield  4.9  g  (56.47’)  of  m-bromochloroacetanilide  with  m.p.  113-114*. 

Found  7o:  Cl  14.08.  CgHiONClBr.  Calculated  7o:  Cl  14.27. 

p-nrornochloroacetanilide.  The  anhydride  prepared  from  4.7  g  of  chloroacetic  acid  was  mixed  with  6  g  of 
p-bromoaniline.  Reaction  temperature  83*.  The  cooled  reaction  mixture  deposited  crystals  v/hich  were  washed 
with  water  and  rccrystallized  from  an  aqueous  alcoholic  medium.  Yield  4.74  g(567o)  of  p-bromochloroacetanillde 
with  m.p.  179-182*. 

Found  7o:  Cl  14.07.  CgHyONClBr.  Calculated  %  Cl  14.27. 

m  -Chlorochloroacetanilide.  The  anhydride  prepared  from  10  g  of  monochloroacetic  acid  was  mixed  with  9  g 
of  m-chloroanilinc.  Reaction  temperature  71*.  The  cooled  mixture  crystallized  after  a  few  hours.  The  crystals 
were  washed  with  water  and  crystallized  from  an  alcoholic  medium.  Yield  7.5  g  (5-170)  of  m-chlorochloroacetanl- 
lide  with  m.p.  96-98*. 

Found  7o;  Cl  16.88.  CgH^ONClj.  Calculated  7°:  Cl  17.37. 

•  In  all  cases  the  melting  points  of  the  chloroaceto  derivatives  agreed  with  the  Beilstein  data. 
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SUMMARY 


A  scries  of  chloroaceto  derivatives  of  aromatic  amines  was  prepared  by  a  new  chloroacetylation  reaction. 
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Tcrpcnic  derivatives  of  phosphinic,  monothio-  and  dithiophosphoric  acids  have  been  little  studied,  but  they 
present  interest  since  products  of  reaction  of  diesters  of  dithiophosphoric  acids  and  terpenes  possess  insecticidal  [1] 
and  other  valuable  properties  [2],  No  data  are  available  for  derivatives  of  the  above  acids  containing  the  myrtenyl 
radical. 

In  the  present  work  we  studied  the  reactions  of  myrtenyl  chloride  with  trialkyl  phosphites,  which  proceed 
in  accordance  with  the  A.  E.  Arbuzov  mechanism  and  lead  to  formation  of  dialkyl  esters  of  rnyrtenylphosphinic 
acid. 

The  same  dialkyl  esters  of  rnyrtenylphosphinic  acid  were  prepared  by  reaction  of  myrtenyl  chloride  with 
sodium  dialkyl  phosphites. 


R-CH,.CiM5,n-C3H,;n-C*H9 


All  these  esters  are  colorless,  nearly  odorless,  readily  distillable,  oily  liquids,  soluble  in  organic  solvents 
and  insoluble  in  water. 

Reaction  of  myrtenyl  chloride  with  sodium  diethyl  monothiophosphate  gave  the  myrtenyldiethyl  ester  of 
monothiophosphoric  acid  in  the  form  of  an  orange -colored,  oily  liquid  with  a  characteristic  odor  of  roast  onion. 
The  reaction  mixture  decomposed  during  fractionation,  and  this  accounts  for  the  poor  yield  of  ester,  although  the 
pure  product  distils  without  decomposition. 

The  myrtenyldiethyl  ester  of  dithiophosphoric  acid  is  obtained  in  better  yield  in  the  form  of  a  light-yellow, 
oily  liquid  with  an  unpleasant  odor. 
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Starting  substances 

Boiling  point 

Compound  prepared 

reacting  with  myr¬ 
tenyl  chloride 

(pressure  in 
mm) 

(Cll30),P 

128-130°  (4.5) 

1.4833 

1.0962 

ijl  1 

(Cn30)2l’0Na 

117(2) 

1.4828 

1.0971 

(CilljO),!’ 

117-118(1) 

1.4755 

1.0487 

(ColljOl.PONa 

138(4) 

1.47.50 

1.0492 

(n.-C3lI;0)3P 

138-139(1) 

1.4723 

1.0149 

^  1 

{n.-C3lI;0)..I'ONa 

141(2) 

1.4722 

1.01.52 

PH  —  P 

1  (0Ci,H3-n)2 

(n  .-C4HaO)3P 

166-167(3) 

1.4720 

l.(H)42 

(n.-C^HgO.PONa 

165(2.5) 

1.4720 

1.0045 

{0CjHj)2 

(C2H50)oPOSNa 

165  —  166.5  (2. .5) 

1.5042 

1.0922 

(C^l  1 50)2PS2b'  a 

159  (2.5) 

1.5325 

1.1009 

The  physical  constants  of  the  compounds  obtained  and  their  analytical  data  are  set  forth  in  the  table. 

EX  PERIMENTAL 

Myrtcnyl  chloride.  The  compound  prepared  by  D.  V.  Tishchenko’s  method  [3]  had  b.p,  59*  at  3.5  mm, 
nD*°  1.4952,  d4^“  1.0146. 

Reaction  with  trimethyl  phosphite.  A  mixture  of  10  g  of  myrtenyl  chloride  and  7.4  g  of  trimethyl  phosphite 
in  a  sealed  tube  was  heated  for  9  hr  at  130-140*.  The  volume  decreased  appreciably  on  cooling.  Continuation 
of  heating  at  150*  for  a  day  led  to  increase  in  volume  in  the  tube  (evidence  of  partial  decomposition  of  the  reac¬ 
tion  products).  Three  fractional  distillations  from  an  Arbuzov  flask  gave  a  colorless,  oily  liquid  (5  g,  34.97o)  with 
b.p.  128-130*  (4.5  mm). 

Reaction  with  triethyl  phosphite.  A  mixture  of  9.5  g  of  myrtenyl  chloride  and  10  g  of  triethyl  phosphite 
in  a  sealed  tube  was  heated  for  10  hr  at  130-155*.  The  first  fractional  distDlation  gave  9.8  g  (65.5%)  of  a  color¬ 
less,  oily  liquid  with  b.p.  117-118*  (1  mm). 
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Reaction  with  tri-n-propyl  phosphite.  A  mixture  of  10  g  of  myrtenyl  chloride  and  13.5  g  of  tri-n-propyl 
phosphite  in  a  scaled  tube  was  heated  for  32  hr  at  135-160*.  From  the  reaction  products  was  isolated  12.8  g 
(72.77c)  of  colorless  oil  with  b.p.  138-139*  (1  mm). 

Reaction  with  tri-n-butyl  phosphite.  A  mixture  of  10.2  g  of  myrtenyl  chloride  and  15  g  of  tri-n-butyl 
phosphite  was  heated  in  a  sealed  tube  for  24  hr  at  130-180*.  The  first  fractional  distillation  gave  13.2  g(G8.67o) 
of  colorless  oil  with  b.p.  166-167*  (3  mm). 

Reaction  with  sodium  dimethylphosphite.  The  sodium  compound  was  prepared  from  6.6  g  of  dimethylphos- 
phoroiis  acid  and  1.4  g  of  sodium  in  100  ml  of  anhydrous  benzene.  The  compound  settled  out  on  the  walls  of  the 
flask  during  formation.  Myitenyl  chloride  (10  g)  was  added  and  the  mixture  refluxed  with  vigorous  stirring  for 
8  hr.  Fractional  distillation  of  the  reaction  products  led  to  isolation  of  only  1.1  g  (7.67c)  of  oily  liquid  with  b.p. 
117*  (2  mm). 

Reaction  with  sodium  diethylphosphite.  To  a  solution  of  sodium  diethyl  phosphite  in  benzene  (prepared  from 
8  g  of  dietliylphosphorous  acid  and  1  g  of  sodium  in  90  ml  of  anhydrous  benzene)  was  gradually  added  10  g  of 
myrtenyl  chloride.  Stirring  and  rcfiiixing  were  continued  for  5  hr,  after  which  the  precipitate  was  removed,  the 
benzene  taken  off  in  vacuo  on  a  water  bath,  and  the  residue  distilled  from  an  .^rbuzov  flask.  Yield  9.8  g  (61.47<>) 
of  colorless  oil  with  b.p.  138*  (4  mm).  A  test  with  Cul  revealed  the  absence  of  trivalent  phosphorus. 
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Reaction  with  sodium  di~n-propyl phosphite.  To  a  solution  of  sodium  di-n-propylphosphite  [prepared  from 
9.3  g  of  di-n-propylphosphorous  acid  and  1.35  g  Na  in  135  ml  gasoline  (b.p.  90-110”)]  was  added  10.1  g  myrtenyl 
chloride.  The  mixture  was  stirred  at  the  boiling  point  of  the  gasoline  for  9  hr.  The  precipitate  could  not  be 
completely  removed.  The  gasoline  was  taken  off  in  vacuo  on  a  water  bath  and  the  residue  distilled  three  times 
to  give  6  g  (32.1%)  of  oil  with  b.p.  141*  (2  mm).  The  product  was  odorless  and  colorless. 

Reaction  with  sodium  di-n-butylphosphlte.  To  a  solution  of  sodium  di-n-butyl  phosphite  (11.4  g  of  di-n- 
butyl phosphorous  acid,  1.4  g  of  sodium  and  100  ml  of  gasoline  with  b.p.  105-115*)  was  gradually  added  10  g  of 
myrtenyl  chloride  with  heating  and  stirring.  Heating  was  continued  for  10  hr.  The  precipitate  could  not  be  se¬ 
parated.  After  the  gasoline  had  been  taken  off,  the  gelatinous  residue  was  treated  with  water  and  extracted  with 
ether.  The  ethereal  extract  was  dried  with  sodium  sulfate  and  the  ether  removed.  From  the  residue  was  isolated 
13.1  g(68.1%)  of  product  in  the  form  of  a  slightly  yellowish  oil.  Redistillations  gave  an  oil  with  b.p.  165*  (2.5  mm). 

Reaction  with  sodium  diethyl  monothiophosphatc.  To  a  solution  of  sodium  dicthylmonothiophosphate  in  ben¬ 
zene  (prepared  from  8.2  g  of  diethylphosphorous  acid,  1.5  g  of  sodium  and  1.9  g'of  sulfur  in  150  ml  of  anhydrous 
benzene)  was  gradually  added  10  g  of  myrtenyl  chloride.  The  mixture  was  heated  for  12  hr  at  the  boiling  point 
of  benzene.  The  colloidal  precipitate  could  not  be  separated.  After  removal  of  the  benzene,  the  residue  distilled 
with  decomposition.  Repeated  fractionation  gave  an  orange  liquid  with  the  odor  of  burned  onion  (4.9  g  or  27.4%); 
b.p.  165-166.5*  (2.5  mm). 

Reaction  with  sodium  dicthyldithiophosphate.  To  a  solution  of  11.6  g  of  sodium  diethyldithiophosphate  in 
50  ml  of  acetone  was  gradually  added  10  g  of  myrtenyl  chloride  with  stirring,  and  the  reaction  mixture  was  heated 
on  a  water  bath  at  70*  for  5  hr.  The  precipitated  NaCl  settled  out  overnight  and  was  filtered  off,  the  acetone  v/as 
distilled,  and  the  residue  distilled  from  an  Arbuzov  flask  to  give  a  light-yellow,  oily  liquid  with  an  unpleasant 
odor  (12.2  g  or  64.7%)  with  b.p.  159*  (2.5  mm). 


SUMMARY 

1.  Reaction  of  myrtenyl  chloride  with  trialkyl  phosphites  and  with  sodium  dialkylphosphites  gave  the  cor¬ 
responding  dialkyl  esters  of  myrtcnylphosphinic  acid. 

2.  Reaction  of  myrtenyl  chloride  witii  sodium  diethylmonothio-  and  with  diethyldithiophosphate  gave  the 
corresponding  myrtenyldiethyl  esters  of  monothio-  and  dithiophosphoric  acid. 
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Reaction  of  trialkyl  phosphites  with  acetyl  chloride  proceeds  In  accordance  with  the  general  seheme  of 
the  A.  E.  Arbuzov  rearrangement  and  leads  to  formation  of  esters  of  aeetylphosphinic  acid  [1].  However,  an  at¬ 
tempt  [2]  to  prepare  the  dimethyl  ester  of  trichloroacetylphosphinic  acid  by  a  similar  route  was  unsuccessful:  com¬ 
pound  (I)  was  isolated,  and  the  authors  considered  it  to  be  formed  by  further  transformations  of  the  originally  forme 
ester  of  trichloroacetylphosphinic  acid. 


(R0)2P-C-CCI., 

<5  J 


+(U0),P 

-uci* 


(ROJaP-O-C — P{0R)2 

(5  Icuh 

(1) 


(1) 


Tricthyl  phosphite  was  recently  [3]  reacted  with  trichloroacetylchloride  and,  in  addition  to  (I),  a  substance 
was  isolated  to  which  the  structure  of  a  diketoester  was  attributed  without  adequate  proof.  The  only  evidence  of 
this  structure  was  the  equimglar  reaction  of  the  substance  with  aqueous  phenylhydrazine. 

We  undertook  a  more  detailed  study  of  the  transformations  taking  place  during  reaction  of  phosphites  with 
trichlofoacetyl  chloride,  since  the  presence  of  a  trichloromethyl  radical  at  the  carbonyl  group  could  conceivably 
result  (if  only  partiaRy)  in  the  following  reaction  course  .with  formation  of  previously  known  trichlorovlnyl  esters. 


(R0)3P  f  CCl3G<^ 


O 

Cl 


— V  (ROJaPOCCI  =CCl2  4-  RCl 

II 

•  1) 


(2) 


Reaction  of  trialkyl  phosphites  with  trichloroacetyl  chloride  under  mild  conditions  in  presence  of  a  consider¬ 
able  excess  of  trichloroacetyl  chloride  led  to  isolation,  apart  from  (I),  of  compounds  (15-25^?’  yield)  which  were 
identified  as  trichlorovlnyl  dialkylphosphates.  Molecular  weight  determinations  and  analytical  data  thus  indicate 
the  presence  of  only  one  phosphorus  atom.  A  study  of  the  stnjcture  of  the  compounds  (Table  1)  established  that 
they  add  on  two  chlorine  atoms  with  formation  of  peiitachloro  derivatives  (Table  2),  they  are  completely  transH 
formed  into  phosphoric  (but  not  phosphorous*  )  acid  on  acid  hydrolysis  and  tlie  infrared  spectrum  exhibits  an  ab- 
sorption  band  characterizing  the  C  =  C  bond  (1613  cm"^)®  •  (Fig.  1). 

•  As  previously  established,  hydrolysis  of  esters  of  aeetylphosphinic  acid  in  an  acid  medium  leads  to  phosphorous 
acid,  v/hereas  trialkyl  phosphates  are  hydrolyzed  to  phosphoric  acid[l]. 

•  *  It  may  therefore  be  suggested  that  the  compound  described  as  the  diethyl  ester  of  trichloroacetylphosphinic 
acid  [3]  is  actually  trichlorovlnyl  diethylphosphate. 
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Fig.  1.  Infrared  absorption  speciruni  of  trichlorovinyl  dieihylphosphate. 


TABLE  3 


d 

Formula 

Boiling 
point  at 
0.05 
mm.  _ 

d.” 

Af»x, 

Yield 

00) 

Found  00) 

Calculated 

found 

p 

Cl 

p 

Cl 

1 

(CII,0),P-C-CCL 

85-80° 

1.5300 

40.7 

40.2 

41 

12.01, 

41.2. 

12.15 

41.7 

$  li 

12.45 

41.4 

2 

(c.,ii,0),p-r.-cci. 

95-97 

1./»10() 

l/i655 

55.5 

55.4 

32.5 

10.'<3, 

37.2, 

10.02 

37.5 

II  II 

0  0 

10.94 

30.8 

Formation  of  8  -dichloro-a-dialkylphosphonovinyl  dialkylphosphate  (I)  is  very  probably  the  consequence 
of  further  transformations  of  a,8  ,8 -trichlorovinyl  dialkylphosphate  since  the  latter,  as  experimentally  established, 
enters  into  reaction  with  trialkyl  phosphites  to  give  (I).  The  reaction  evidently  involves  the  chlorine  atom  in  the 
a-position.* 


(RO).l'OC-Cl  -f  (nO)jP-  > 


O  CCI2 


(UO)2POC - r(OR)2  4-  RCI 


(3) 


It  is  interesting  to  note  that  the  latter  reaction  is  one  of  the  few  examples  of  the  Arbuzov  rearrangement 
with  participation  of  a  halovinyl  group. 

With  the  objective  of  comparing  the  properties  of  the  prepared  trichlorovinyl  dialkylphosphates  with  those 
of  the  isomeric  esters  of  trichloroacetylphosphinic  acid,  the  latter  were  synthesized  by  reaction  of  trichloroacetyl 
chloride  with  dialkyl  phosphites  (Table  3). 

yO  yO 

(iwyx  4-r.ci3C<f  .  (RO)2P-c-cci3  4-iici  /.x 

\n  \ci  II  11 

o  o 

The  constants  of  these  compounds  differ  little  from  those  of  the  corresponding  trichlorovinyl  dialkylphosphates; 
however,  unlike  the  latter,  the  esters  of  trichloroacetylphosphinic  acid  undergo  acid  hydrolysis  with  formation  of 
phosphoric  acid,  and  the  infrared  spectrum  contains  the  band  characterizing  the  C  =  O  group(n24  cin’^)  (Fig.  2). 

It  was  shown  that  esters  of  trichloroacetylphosphinic  acid  react  with  trialkylphospliites  with  formation  of 
8  ,8 -dichloro-a-dialkylphosphinovinyl  dialkylphosphates,  as  suggested  by  Kabachnik  and  Rossiiskaya  [see  scheme 
(1)].  For  example,  the  reaction  of  trimethyl  phosphite  with  the  dimethyl  ester  of  trichloroacetylphosphinic  acid 
gave  8  ,8 -dichloro-a.a-dimethylphosplmnovinyl  dimethyl  phosphate  with  constants  and  analytical  data  identical 

•  Under  mild  hydrolysis  conditions,  trichlorovinyl  esters  split  of  only  one  chlorine  atom,  presumably  from  the  a- 
position  since  the  latter  must  be  more  labile  (closer  to  the  positively  charged  phosphorus). 
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Fig.  2.  Ijifrared  spectrum  of  the  dimethyl  ester  of  trichloroacetylphosphinic  acid. 
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Fig.  3.  Infrared  absorption  spectrum  of  6 ,6 -dichloro-a-dimethylphosphonovinyl  dimethyl- 
phosphate. 

with  those  for  the  substance  described  by  Kabachnik  and  Rossiiskaya  [2],  The  structure  of  the  product  was  also 
confirmed  by  the  infrared  spectrum  whose  absorption  band  at  1582  cm"^  is  characteristic  of  the  C  =  C  valence 
vibration  (Fig.  3). 

It  has  thus  been  experimentally  established  that  formation  of  8  ,6 -dichloro-a-dialkylphosphonovinyl  dialkyl 
phosphate  can  actually  proceed  by  scheme  (1)  as  well  as  by  scheme  (3).  Scheme  (3),  however,  is  more  probable 
since  esters  of  trichloroacetylphosphinic  acid  arc  not  isolated  when  trichloroacetyl  chloride  reacts  with  trialkyl 
phosphates. 


EX  PERIMENT  A  L 

1.  Reaction  of  trialkyl  pliosphites  with  trichloroacetyl  chloride  (Table  1).  Into  a  three-necked  flask,  fitted 
with  stirrer,  dropping  funnel,  nitrogen  inlet  tube  and  reflux  condenser,  was  charged  1  mole  of  trichloroacetyl 
chloride  which  had  been  freshly  distilled  in  vacuo.  In  a  nitrogen  atmosphere  gradual  addition  was  then  made  with 
stirring  of  0.15  mole  of  trialkyl  phosphite*  and  300  ml  of  dry  ether  at  room  temperature.  The  next  day  the  solvent 
and  excess  of  trichloroacetyl  chloride  were  removed  and  the  residue  distilled  in  vacuo.  Several  distillations  gave 

a  15-25*70  yield  of  a.S  ,6 -trichlorovinyl  dialkylphosphate.  When  triethyl  phosphite  was  brought  into  reaction,  an 
additional  product  was  B  ,6 -dichloro-a,a-dialkylphosphonovinyl  diethylphosphate. 

2.  Pcntachlorocthyl  dialkylphosphatcs  (Table  2).  Dry  carbon  tetrachloride  (50-70  ml)  in  a  quartz  flask  was 
saturated  with  chlorine.  Addition  was  then  made  of  3-4  g  of  trichlorovinyl  dialkylphosphate  and  the  mixture  ir¬ 
radiated  with  ultraviolet  light  for  an  hour.  The  temperature  rose  spontaneously  to  30-35*  within  5-10  min  after 
the  start  of  irradiation.  After  the  irradiation,  the  solvent  and  chlorine  were  taken  off  and  the  residual  colorless 
oil  distilled  in  vacuo.  Pentacliloroethyl  dialkylphospliates  are  colorless,  transparent,  poorly  mobile  liquids. 

3.  8  ,6  -Dichloro-g-dimcthylphosphonovinyl  dimethylphosphate.  a)  A  mixture  of  1.2  g  of  trimethyl  phos¬ 
phite  (0.01  mole)  and  2.3  g  of  trichlorovinyl  dimethylphosphate  (0.01  mole)washeated  at  100*  for  3lir.  Yield2.1  g(64‘7e). 

B.p.  126*  (0.05  mm).  6^^  1.4900,  nD*®  1.4707. 

b)  To  5.1  g(0.02  mole)  of  dimethyl  ester  of  trichloroacetylphosphinic  acid  in  20  ml  of  ether  was  added 
2.48  g(0.02  mole)  of  trimethyl  phosphite  dissolved  in  10  ml  of  ether.  The  next  day  the  reaction  mixture  was 
distilled.  Yield  5.0  g(7C‘7i>). 

•The  trialkyl  phosphites  were  previously  distilled  over  sodium  for  elimination  of  any  traces  of  dialkyl  phosphites. 


B.p.  127-128“  (0.05  mm),  d/®  1.4S85,  nD*®  1.4760. 

After  hydrolysis  In  hydrochloric  acid,  the  determination  of  the  content  of  phosphorus  in  the  form  of  phos¬ 
phorous  acid  gave  9.39^0,  and  when  in  the  form  of  phosphoric  acid  gave  9.32'7o(the  calculated  content  was  9.43*70). 

4.  Esters  of  trichloroacetylphosnhinic  acid  (Table  3).  A  solution  of  0.2  mole  of  dialkyl  phosphite  in  100  ml 
of  dry  benzene  was  placed  in  a  flask.  A  solution  of  0.2  mole  of  trichloroacetyl  chloride  in  50  ml  of  benzene  was 
added  in  a  nitrogen  stream  in  a  vacuum  of  50-60  rnm.  The  benzene  and  hydrogen  chloride  v/cre  then  eliminated 
in  vacuo  and  the  residue  distilled.  Y^ld  30-407o.  Esters  of  trichloroacetylphosphinic  acid  are  poorly  mobile  li¬ 
quids,  soluble  in  common  organic  solvents. 

SUMMARY 

1.  Reaction  of  trialkyl  phosphites  with  trichloroacetyl  chloride  gave  a  new  group  of  compounds  —  the  trich- 
lorovinyl  dialkyl  phosphates. 

2.  Chlorination  of  trichlorovinyl  dialkylphosphates  gave  the  corresponding  pentachloroethyl  dialkylphosphatc 

3.  It  was  shown  that  trichlorovinyl  dialkylphosphates  enter  into  a  reaction  with  trialkyl  phosphites  of  the 
Arbuzov-rearrangement  type  with  formation  of  fl  ,6 -dichloro-a-dialkylphosphonovinyl  dialkylphosphates. 

4.  Esters  of  trichloroacetylphosphinic  acid  were  prepared  by  reaction  of  dialkyl  phosphites  with  trichloro¬ 
acetyl  chloride. 

5.  It  was  shown  that  esters  of  trichloroacetylphosphinic  acid  react  with  trialkyl  phosphites  to  form  0  ,0  -dl- 
chloro-a-dialkylphosphonovinyl  dialkylphosphates. 
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Halogenated  esters  of  chlorosulfonic  acid  are  known  to  be  powerful  bactericides  [1].  Reactions  of  these 
compounds  with  derivatives  of  phosphoric  acid  have  not  been  described  in  the  literature.  It  was  therefore  of  in¬ 
terest  to  study  the  reaction  of  6 -chloiocthyl  chlorosulfonatc  with  sodium  salts  of  phosphorous  and  thio-  and  dlthio- 
phosphoric  acids.  Salts  of  tliesc  acids,  for  example  sodium  dicthylphosphite,  can  react  in  two  directions: 


. . .  r,icn,CH,oso,ci 

(C2Hr|0)2l’ONu  ■  ■  . 


\CH2CH2OSO2Cl 

(I) 

►  (C2M50)2»'<: 

^SOaOCHjCHaCI 

(11) 


We  isolated  the  diethyl  ester  of  6-chlorosulfocthylphosphinic  acid  (I).  Its  structure  was  confirmed  by  study 
of  its  reaction  with  sodium  phenoxide  and  dicthylamine,  as  well  of  the  reaction  of  diethyl  phosphite  with  ethyl 
chlorosulfonatc  not  containing  a  halogen  in  the  ethyl  radical. 

Ethyl  chlorosulfonatc,  containing  the  SCj^Cl  group,  does  not  form  a  compound  of  the  composition  (C:2H50)2P- 
(0)S020C)2H5  with  sodium  diethylphosphite.  The  main  products  of  the  reaction  are  diethylphosphorous  acid,  SO3 
and  HCl,  i.c.,  the  normal  process  of  breakdown  of  ethyl  chlorosulfonatc  pj  predominates.  0 -Chloroethyl  chloro- 
sulfonate  also  breaks  down  slowly,  particularly  when  heated  [3],  This  is  evidently  the  cause  of  the  low  yields  of 
the  products  obtained. 

The  reaction  with  sodium  phenoxide  takes  place  in  the  cold.  Saponification  with  alcoholic  alkali  of  the 
product  of  reaction  with  the  phenoxide  gives  phenol  and  sodium  sulfate.  Consequently  the  phenyl  ester  of  (I) 

(not  isolated  in  the  pure  form)  has  the  structure: 


1,0), I’f” 

^CIIjClljOSOjOCcHo. 

Compound  (I)  reacts  with  facility  with  dicthylamine  in  the  cold,  indicating  that  chlorine  is  present  in  the  acid 
chloride  form  in  the  terminal  SOjCl  group.  It  vras  also  prepared  by  Arbuzov  isonierization  from  triethyl  phosphite 
and  6 -chloroethyl  chlorosulfonatc.  In  both  cases  the  product  contained  a  pentavalent  phosphorus  atom  (no  de- 
colorization  of  bromine  water  and  no  reaction  with  cuprous  chloride  and  sulfur). 


2574 


Compounds  of  the  following  types  were  obtained  in  this  investigation; 

1.  (HO),P<f 

^CH2^-fi20S02CI  (itr^CjH,.  n--c,H,.  iso- c,H:). 

2.  (nO)>PC 

^0Cn2f'Ih20S02Cl  (R=:C,Hj.  n-CaH;). 

3. 

^S(:ii2«:ii2<'S02Ci. 

EXPERIMENTAL 

Reaction  of  sodium  diethyl  phosphite  v/ith  fl  -chloroethyl  c'hlorosulfonate.  6 -Chloroethyl  chlorosulfonate 
was  prepared  by  condensation  of  sulfuryl  chloride  with  ethylene  oxide  [4], 

Sodium  diethylphosphite  v;as  prepared  from  13.8  g  of  diethylphosphorous  acid  and  2.3  g  of  metallic  sodium. 
To  the  cooled  sodium  salt  was  added  17.8  g  of  0 -chloroethyl  chlorosulfonate.  The  mixture  was  heated  for  2  hr 
on  a  v/ater  bath,  cooled  and  treated  with  iced  water.  The  ethereal  layer  was  collected,  dried  with  anhydrous  so¬ 
dium  sulfate  and  fractionated  in  vacuo.  Yield  10.2  g  (44.3'7o).  The  ester  is  a  colorless  oil  with  a  characteristic 
unpleasant  odor,  insoluble  in  water  and  readily  soluble  in  organic  solvents. 

B.p.  120-121*  (4  mm),  nD^®  1.4095,  d4*“  1.1047. 

Pound  lo-.  P  11.25;  11.16;  Cl  12.80.  CgHi^OsPSCl.  Calculated  1^:  P  11.03;  Cl  12.69. 

Reaction  of  sodium  diethylphosphite  with  ethyl  chlorosulfonate.  To  the  sodium  diethylphosphite  prepared 
from  27.6  g  (0.2  mole)  of  diethylphosphorous  acid  was  added  29.6  g  (0.2  mole)  of  ethyl  chlorosulfonate.  The 
mixture  was  heated  on  a  v/ater  bath  for  2  hr.  The  liberated  gases  were  passed  through  alkali  solution  and  then 
through  bromine  water.  The  sodium  chloride  was  removed  and  the  ether  distilled  off.  There  was  obtained  21.3  g 
(74.47o)  of  product.  B.p,  95-96*  (24  mm)  and  186*  (760  mrn);  nD*®  1.4030.  These  data  agree  with  those  in  the 
literature  for  diethylphosphorous  acid  [51. 

Reactions  of  the  diethyl  ester  of  0 -chlorosulfocthylphosphinic  acid,  a)  With  diethylamine.  To  2.8  g  of 
the  ester  in  absolute  ether  was  added  1.46  g  of  diethylamine.  Diethylamine  hydrochloride  came  down  after  1-2 
min  (0.97  g  or  897'’).  The  ether  was  removed  to  leave  2.98  g  of  oil  (90.47<»)  that  did  not  distil  in  an  ordinary 
vacuum. 

Found  7o:  P  10.51,  10.03.  C4H2.1O6NPS.  Calculated  7^  P  9.77. 

b)  With  sodium  phenoxide.  To  an  ethereal  solution  of  0.912  g  of  sodium  phenoxide  was  added  2.08  g  of 
the  ester.  'I'herc  was  obtained  2.21  g  of  oily  product  which  was  saponified  with  alcoholic  alkali.  Phenol  and 
sodium  sulfate  were  found  in  the  products  of  saponification. 

Reaction  of  triethyl  phosphite  with  0 -chloroethyl  chlorosulfonate  (Arbuzov  rearrangement).  Reaction  was 
effected  in  an  Arbuzov  flask  with  16.62  g  of  trIethyl  phosphite  and  17.9  g  of  0 -chloroethyl  chlorosulfonate  by 
the  usual  procedure,  A  fraction  with  a  wciglit  of  9.21*g  (31.97’)  was  isolated. 

B.p.  117-118*  (2  mm);  iiD^®  1.4087,  cii*®  1.10^14. 

Found  70:  P  10.79;  Cl  12.45.  CfiHuOsPSCl.  Calculated  ^<r.  p  11.03;  Cl  12.69. 

0,0- Pi -n- propyl -O- chlorosulfocthylphosphinic  acid.  Prepared  from  8.3  g  of  di-n-propylphosphorous  acid 
1.15  g  of  sodium  and  8.95  g  of  0 -chloroethyl  chlorosulfonate.  Yield  3.6  g  (25.57o), 

B.p.  133-134*  (2  mm),  tiD^®  1.4225,  d/®  1.0574. 

Found  7o:  P  10.52;  10.31.  CsHiGOgPSCl.  Calculated  7>’;  P  10.01. 

0,0- Pi- isopropyl-0-0  -chlorosulfocthylphosphinic  acid.  From  8.3  g  of  diisopropylphosphorous  acid,  1.15  g 
of  sodium  and  8.95  g  of  chlorosulfonate.  Yield  4.1  g(26.6l7o). 
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B.p.  63-&r  (1  inm),  nD*®  1.4195,  d^*®  1.0685. 

Found  P  10.92;  9.85.  CgMieOgPSCl.  Calculated  ‘7<r.  P  10.01. 

O.O-Dietliyl-O-B -chlorosiilfocthylthioptiospliatc.  Prepared  from  13.8  g  of  dietliylphosphorous  acid,  2.3  g 
of  sodium,  3.2  g  of  sulfur  and  17.8  g  of  6 -chloroelhyl  clilorosulfonate  in  a  medium  of  gasoline. 

After  the  mixture  had  been  heated  for  3  hr,  the  gasoline  was  removed  and  the  residue  fractionated  in  vacuo. 
Yield  11.81  g  (37.7870). 

B.p.  112*  (4  mm),  nD*®  1.4495,  d/®  1.0632. 

Found  %:  P  10.2;  Cl  13.50.  C6fli405pS2Cl.  Calculated  7o;  P  9.93;  Cl  13.01. 

O.O-Pipropyl-O-S-chlorosulfoeihylthiophosphate.  Prepared  under  similar  conditions  from  16.G  g  of  dipro¬ 
pyl  phosphorous  acid,  2.3  g  of  sodium,  3.2  g  of  sulfur  and  17.8  g  of  6 -chloroethyl  chlorosulfonate.  Yield  9.1  g 
(26.877o). 

B.p.  120-121*  at  7  mm;  nD*®  1.4770,  d^*®  1.0028. 

Found  7o:  P  9.10,  8.85.  CglljGOsPSjCl.  Calculated  7o:  P  9.16. 

The  derivatives  of  thiophosphoric  acid  arc  light-yellow,  oily  liquids  with  a  strong  and  unpleasant  odor. 

0,0-Diethyl-S-8  -chlorosulfocthyldiihiophosphate  is  a  light-yellow  oil,  readily  soluble  in  ether,  benzene 
and  acetone,  insoluble  in  water.  Prepared  from  18.6  g  of  diethyldithiophosphoric  acid  (b.p.  90-92“  at  8  mm)  [6], 
10.6  g  of  anhydrous  sodium  carbonate  and  17.9  g  of  8 -chloroelhyl  chlorosulfonate.  Yield  5.06  g. 

B.p.  84-85*  at  7  mm,  nD*®  1.4995,  d^*®  1.3652. 

Found  7o:  P  9.08,  9.26.  C6H14O5PS3CI.  Calculated  7):  P  9.42. 


SUMMARY 

1.  Tlic  reaction  of  6 -chloroethyl  chlorosulfonate  with  diethyl-,  dipropyl  and  diisopropylphosphites,  diethyl- 
and  dipropylthiophospliates  and  dicthyldithiophosplioric  acid  was  studied. 

2.  It  was  established  that  8 -chloroethyl  chlorosulfonate  reacts  in  these  reactions  at  the  CICH2CII2  group  and 
not  at  the  SO^Cl  group. 
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In  the  preceding  communication  we  described  reactions  of  addition  of  trichlorosilane  to  trialkyU phenyl, 
chIoro)aIIylsilancs,  as  v;cll  as  some  silicohydrocarbons  obtained  on  the  basis  of  the  addition  products.  Kanazashi 
[2]  demonstrated  the  possibility  of  addition  of  trichlorosilane  to  dialkyldivinylsilanes  at  the  two  double  bonds  of 
the  vinyl  radicals. 


CID^CIlo  /CllaClliSiCla 

It.SiZ  "  }  IISiGlj  -V  |\2Si< 

'Gll=r-.(:||.,  ^GII.,GII.,SiCl, 


In  the  present  communication  we  describe  a  study  of  the  addition  of  trichlorosilane  to  diallyl  derivatives 
of  silicon.  The  activity  of  benzoyl  peroxide,  platinum  on  carbon,  and  chloroplatinic  acid  as  catalysts  for  the  ad¬ 
dition  reaction  was  studied. 

Gomparison  of  the  yields  of  addition  products  (see  Tables  2  and  3)  reveals  that  chloroplatinic  acid  and  plati¬ 
num  on  carbon  are  more  active  than  benzoyl  peroxide  as  catalysts  in  the  addition  of  trichlorosilane  to  dialkyl- 
(phenyl,  chloro)diallylsilanes.  A  study  of  the  addition  of  trichlorosilane  to  diallyl  derivatives  of  silicon  revealed 
the  same  regularities  that  were  noted  previously  for  reactions  of  trichlorosilane  with  monoallyl  derivatives  of  sili¬ 
con  pi].  The  activity  of  the  double  bond  in  dial kyl( phenyl,  chloro)diallylsilanes  increases  both  with  increasing 
size  of  alkyl  radicals  and  with  their  replacement  by  phenyl  radicals  or  chlorine  atoms. 

Table  4  gives  the  physicochemical  properties  of  silicohydrocarbons  synthesized  by  reaction  of  alkyllithiums 
and  phcnyllithium  with  chloro  derivatives  obtained  by  addition  of  trichlorosilane  to  dialkyU phenyl,  chloro)diallyl- 
silanes  at  the  two  double  bonds. 

The  infrared  spectra  of  these  silicohydrocarbons  showed  that  addition  of  trichlorosilane  to  diallyl  derivatives 
of  silicon  in  presence  of  benzoyl  peroxide,  platinum  on  carbon  and  chloroplatinic  acid  does  not  proceed  in  accord¬ 
ance  with  the  Markovnikov  rule. 


1\ 

(:ii.,cii=cn2  I 

f  2IlSiCl3  Cl3SiGH2Cll2C!l  .SiGll2Cll=Cll2  b 
r:H2Gli=--CH2  1 

u 


R 

Cl3SiCIl..Cll2Cll2SK:il.,CH2CH2Sir.l3 

I 

R 


R  =  CH,,  C,H..  C,H,.  C.ll,.  C.H.,  Cl. 
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Addition  of  trichlorosilane  to  diphenyl-,  methylphenyl-  and  dichlorodiallylsilanes  was  not  performed  in  presence  of  platinum  on  carbon. 
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Addition  of  trichlorosilane  to  diphenyl-,  methyl  phenyl-  and  dichlorodiallylsilanes  was  not  carried  out  in  presence  of  platinized  carbon. 


EX  PERIMENTAL 


I.  Preparation  of  Dialkyl  (phenyl,  chloro)diallyl5ilancs 

These  were  prepared  by  the  Grignard  reaction  and  thcii  properties  agreed  with  those  in  the  literature  (see 
Table  1). 

1.  Ditncthyldiallylsilane.  From  60  g  of  magnesium,  280  g  (2.31  moles)  of  allyl  bromide  and  129  g  (1  mole) 
of  dimcthyldichlorosilane  was  obtained  90  gfW.S^o). 

2.  Diethyldiallylsilane.  From  72  g  of  magnesium,  300  g(2.48  moles)  of  allyl  bromide  and  157  g(l  mole) 
of  dicthyldichlotosilane  was  obtained  118.3  g(70.47o). 

3.  Dipropyldiallylsilane.  From  45  g  of  magnesium,  150  g(1.24  moles)  of  allyl  bromide  and  83  g  (0.45  mole) 
of  dipropyldiclilorosilane  was  obtained  68  g(72.3'7o). 

4.  Dibutyldiallylsilane.  From  46  g  of  magnesium,  150  g(1.24  moles)  of  allyl  bromide  and  80  g(0.37  mole) 
of  dibutyldichlorosilane  was  obtained  74.0  g  (87*70). 

5.  Diphenyldial^’lsilane.  From  35  g  of  magnesium,  130  g(1.07  moles)  of  allyl  bromide  and  95  g  (0.375  mole) 
of  diphcnyldichiorosilanc  v/as  obtained  76  g(76.77o). 

6.  Methy^lphenyldiallylsilane.  From  80  g  of  magnesium,  280  g  (2.32  moles)  of  allyl  bromide  and  191  g  (1 
mole)  of  rncthylphenyldichlorosilane  was  obtained. 150  g  (74.27o). 

7.  Dichlorodiallylsilanc.  From  60  g  of  magnesium,  270  g  (2.23  moles)  of  allyl  bromide  and  170  g  (1  mole) 
of  silicon  tetrachloride  was  obtained  76  g  (427o). 

Found  %■.  Cl  39.0,  39.20.  CcIhoSiClz.  Calculated  Cl  39.22. 

IJ.  Addition  of  T  r  i  r  h  1  o  r  o  s  i  1  a  n  e  to  Dialky  Kphenyl,  chloro)diallylsilanes  (Tables  2 
and  3 ) 

The  diallyl  derivative  of  silicon  and  the  catalyst  were  charged  into  a  three-necked  flask  equipped  with 
stirrer,  reflux  condenser  and  dropping  funnel.  Trichlorosilane  was  slowly  stirred  in.  The  catalysts  w'ere  benzoyl 
peroxide,  platinum  on  carbon  (167o  Pt  by  wcight)and  chloroplatinic acid (0.1  molar  solution  of  H2PtClc*6H20  in 
isopropyl  alcohol).  In  presence  of  benzoyl  peroxide  heating  was  carried  out  for  25  hr  at  45-65*:  in  presence  of 
H2ptCl5*  6II2O  at  50*  for  10  hr  and  then  at  80*  for  2  hr.  Experiments  with  platinized  carbon  were  run  in  a  0.8- 
litcr  steel  autoclave  at  190-210*  and  10  atm  for  20  hr.  Fractionation  gave  products  of  addition  of  trichlorosilane 
both  at  one  and  at  two  double  bonds  v/ith  the  dialkyl  derivatives  of  silicon. 

1.  Addition  of  trichlorosilane  to  dimethyldiallylsilanc.  a)  A  mixture  of  42  g(0.3  mole)  of  dimethyldiallyl- 
silane,  108,5  g  (0.8  mole)  of  trichlorosilane  and  5  g  of  benzoyl  peroxide  was  heated  at  45-65*  for  25  hr.  Substan¬ 
tially  no  addition  product  was  obtained. 

b)  A  mixture  of  50  g  (0.36  mole)  of  dimethyldiallylsilanc,  200  g  (1.47  moles)  of  trichlorosilane  and  0.5  g 
of  platinized  carbon  was  heated  in  an  autoclave  at  190-200*  and  10  atm  for  20  hr.  Products  were  19.8  g  (20.27>) 
of  dimethylallyl-(trichlorosilylpropyl)silane  and  53.1  g  (36.37o)  of  dimethyldKttichlorosilylpropyl) silane. 

c)  From  42  g  (0.3  mole)  of  dimethyldiallylsilane  and  95  g  (0.7  mole)  of  trichlorosilane  in  presence  of  1  ml 
of  chloroplatinic  acid  solution  was  obtained  23.8  g  (28.57?)  of  dimethylallyl(trichlorosilylpropyl) silane  and  34.5  g 
(27. 97?)  of  dimcthyldi(trichloro:ilylpropyl)silane. 

2.  Addition  of  trichlorosilane  to  diethyldiallylsilane.  a)  A  mixture  of  42  g(0.25  mole)  of  diethyldiallylsilane, 
95  g  (0.7  n)olc)  of  trichlorosilane  and  5  g  of  benzoyl  peroxide  was  heated  at  40-70*  for  25  hr.  Fractional  distilla¬ 
tion  gave  only  traces  of  addition  products. 

b)  A  mixture  of  52  g(0.3  mole)  of  diethyldiallylsilane,  200  g  (1.47  mole)  of  trichlorosilane  and  0.5  g  of 
platinized  carbon  w-as  heated  in  an  autoclave  at  190-200’  and  10  atm  for  20  hr.  Products  were  23.1  (25'7o)  of 
diethylallyUtrichlorosilylpropyDsilane  and  43.7  g  (32.l7o)  of  diethyldi(trichloio3ilylpropyl)silanc. 
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c)  From  42  g  (0.25  mole)  of  diethylallylsilane  and  82  g  (0.6  mole)  of  trichlorosilanc  in  presence  of  1  ml  of 
cliloroplatinic  acid  solution  were  obtained  22  g  (297°)  of  diethylallyl(triclilorosilylprcpyl) silane  and  33.1  g(30.27>») 
of  dictbyldi(trichlorosilylpropyl) silane. 

3.  Addition  of  trichlorosilane  to  dipropyl  liallylsilano,  a)  From  39  g(0.2  mole)  of  diptopyldiallylsilane,  82  g 
(0.6  mole)  of  trichlorosilane  and  5  g  of  benzoyl  peroxide  was  obtained  3.4  g(5.l7<j)  of  dipropylallyl (triclilorosilyl- 
propyDsilane. 

b)  A  mixture  of  40  g  (0.25  mole)  of  dipropyldiallylsilane,  162  g  (1.2  mole)  of  trichlorosilane  and  0.5  g  of 
platinized  carbon  was  Iieated  in  an  autoclave  at  200-210'  and  10  atm  for  20  hr.  Products  were  21.1  g  (25.57o)  of 
dipropylallyl(trichlorosilylpropyl)silane  and  39.4  g  (33.87')  of  dipropyldi(lrichlorosilylpropyl)silane. 

c)  From  39  g(0.2  mole)  of  dipropyldiallylsilane  and  82  g(0.6  mole)  of  trichlorosilane  in  presence  of  1  ml 

of  cliloroplatinic  acid  solution  were  obtained  19.7  g(29.77>)  of  dipropylallyl (trichlorosilylpropyl)silane  and  30,4  g 
(32.67o)  of  dipropyldi(tfichlorosilylpropyl)silane. 

4.  Addition  of  trichlorosilane  to  dibutyldiallylsilane.  a)  From  33.6  g(0.15  mole)  of  dibutyldiallylsilane, 

61  g  (0.45  mole)  of  trichlorosilane  and  5  g  of  b^enzoyl  peroxide  was  obtained  9.8  g(18.27>)  of  dibutylallyUtri- 
chlorosilylpropyl)  silane. 

b)  A  mixture  of  60  g  (0.27  mole)  of  dibutyldiallylsilane,  200  g  (1.47  g  moles)  of  triehlorosilanc  and  0.5  g 
of  platinized  carbon  was  heated  in  an  autoclave  at  200-210*  and  10  atm  for  20  hr.  Products  were  25.5  g  (26.67o) 
of  dibutylallyl(trichlorosilylpropyl)silane  and  49.4  g  (37.47>)  of  dibutyldi(trichlorosilylpropyl)silane . 

c)  From  45  g  (0.2  mole)  of  dibutyldiallylsilane  and  82  g  (0.6  mole)  of  trichlorosilane  in  presence  of  1  ml 
of  chloroplatinic  acid  solution  were  obtained  20.7  g  (28.870)  of  dibutylallyl  (trichlorosilylpropyl) silane  and  33.7  g 
(34.173)  of  dibutyldi(trichlorosilylpropyl)silane. 

5.  Addition  of  Trichlorosilane  to  diphenyldiallylsilane.  a)  From  40  g(0.15  mole)  of  diphenyldiallylsilane, 

68  g  (0.5  mole)  of  trichlorosilane  and  5  g  of  benzoyl  peroxide  were  obtained  12  g  (207")  of  diphcnylallyKtri- 
chlorosilylpropyDsilane  and  6.2  g  (7.77")  of  diphenyldi(irichlotosilylpropyl)silane. 

b)  From  40  g  (0.15  mole)  of  diphenyldiallylsilane  and  68  g  (0.5  mole)  of  trichlorosilane  in  presence  of  1  ml 
of  chloroplatinic  acid  solution  were  obtained  10.6  g  (17.67")  of  diphenylallyl  (trichlorosilylpropyl) silane  and  42.3  g 
(52.47")  of  diphenyldi(trichlorosilylpropyl)silane. 

6.  Addition  of  trichlorosilane  to  pheiiylmcthyldiallylsilane.  a)  From  40  g(0.2  mole)  of  phenylmcthyldiallyl- 
silanc,  82  g  (0.6  mole)  of  trichlorosilane  and  5  g  of  benzoyl  peroxide  were  obtained  11.6  g  (17.37")  of  phenylmcthyl 
allyl (trirhlorosilylpropyl)silane  and  5.8  g  (6.l7")  of  phenylmethyldi(trichlorosilylpropyl)silane, 

b)  From  42  g(0.2  mole)  of  phenylmcthyldiallylsilanc  and  82  g  (0.6  mole)  of  trichloiosilanc  in  presence  of 
1  ml  of  chloroplatinic  acid  solution  were  obtained  9.7  g  (13.87")  of  phcnylmethylallyl(ttichlorosilylpropyl)silane 
and  40.7  g  (41.47")  of  phenylmcthyldi(trichlorosilylpropyl)silane. 

7.  Addition  of  trichlorosilanc  to  dichlorodiallylsilane.  a)  From  36  g(0.2  mole)  of  dichlorodiallylsilane,  82  g 
(0.6  mole)  of  trichlorosilane  and  5  g  of  benzoyl  peroxide  were  obtained  33.4  g  (52.87")  of  dichloroallyUirichloro- 
silylpropyDsilane  and  101  g  (11.27")  of  dichlorodi(trichlorosilylpropyl)silane. 

b)  From  36  g  (0.2  mole)  of  dichlorodiallylsilane  and  82  g(0.6  mole)  of  trichlorosilane  in  presence  of  1  ml 
of  chloroplatinic  acid  solution  were  obtained  5.2  g  (8.37")  of  dichloroallyl  (trichlorosilylpropyl)  silane. 

ill.  Preparation  of  Silicohydrocarbons  on  the  Basis  of  Products  of  Addition  of  T  rJ.j- 
c  h  1  o  r  o  s  i  1  a  n  e  to  15  i  a  1  k  y  1  (  p  h  c  n  y  1 )  d  i  a  1 1  y  1  s  i  1  a  n  e  s  at  Twollouble  Bonds  (Table 

1.  Dimethyldi(trimethylsilylpropyl) silane.  From  15.7  g  of  lithium, 160  g(1.12  moles)  of  methyl  iodide  and 
31  g  (0.075  mole)  of  dimcthyldi(trichlorosilyIpropyl)silane  was  obtained  IG.3  g  (75.47"). 

2.  Diethyl (tricthylsilylpropyl) silane.  From  14  g  of  lithium,  111.2  g(1.02  moles)  of  ethyl  bromide  and  30  g 
(0.068  mole)  of  dicihyldi(trichlorosilylptopyl)silane  was  obtained  19.6  g(727"). 

3.  Pipropyldi(tripropylsilypropyl) silane.  From  6. 5gof  lithium,  57.2  g  (0.465  mole)  of  propyl  bromide  and 
15.5  g  (0.031  mole)  of  dipropyldi(trichlorosilylpropyl)silanc  was  obtained  8.4  g  (52.87"). 
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4.  I)ibu^’kli(tribulylsilylpropyl)silane.  From  5.2  g  of  lithium,  51.5  g  (0.375  mole)  of  butyl  bromide  and  12.3  g 
(0.025  mole)  of  dibutyldi-(trichlorosilylproj»yl) silane  was  obtained  8.9  g(57‘7f). 

5.  Diphenyldi(triphenylsilylpropyl)silane.  From  5.6  g  of  lithium,  63  g  (0.4  mole)  of  bromobenzene  and  14  g 
(0.02C  mole)  of  diphcnyldi(trichIorosilylpropyI)siIane  was  obtained  12.3  g(60’Io). 

6.  Phenyl mctliyldiftriphcnylsilyl propyl) silane.  From  7  g  of  lithium,  78.5  g  (0.5  mole)  of  bromobenzene  and 
16  g  (0.033  mole)  of  plicnylmcthyldidrichlorosilylpropyDsilane  was  obtained  14.3  g(59.1‘5o). 

7.  Phenylmcthyldi(trirncthylsilylpropyl) silane.  From  7  g  of  lithium,  71  g  (0.5  mole)  of  methyl  iodide  and 
16  g  (0.033  mole)  of  phenylmcthyldi(ttichlorosilylpropyl)silanc  was  obtained  9.1  g(77.37o). 

8.  Dimethyldi(ttirthylsilylpropyl)silanc.  From  10  g  of  lithium,  78.5  g  (0.72  mole)  of  ethyl  bromide  and  20  g 
(0.0-l^moIe)  of  dimethyldi(trichlorosilylpropyl)silane  was  obtained  11.9  g(65.77o). 

9.  Dimcthyldi(tripropylsilylpropyl) silane.  From  10  g  of  lithium,  88.5  g(0.72  mole)  of  propyl  bromide  and 
20  g  (0.048  mole)  of  dimethyldi(trichlorosilylpropyl)silane  was  obtained  13.6  g(61.27o). 

10.  Dimethyldiftrilnitylsilyl propyl) silane.  From  10  g  of  lithium,  98.5  g  (0.72  mole)  of  butyl  bromide  and 
20  g  (0.018  n)olc)  of  dimethyldi(trichlorosilylpropyl)silane  was  obtained  15.3  g  (58.l7o). 

11.  Dimethyldi(triphcnylsilylpropyl)silane.  From  10  g  of  lithium,  113  g(0.72  mole)  of  bromobenzene  and 
20  g  (0.048  mole)  of  dimethyldi(irichlorosilylpropyl)silane  was  obtained  10.5  g  (32.77o). 

12.  Piphetiyldiitrimethylsilyl propyl) silane.  From  6.6  g  of  lithium,  67.4  g  (0.475  mole)  of  methyl  iodide 
and  17  g  (0.032  mole)  of  dipheriyldi(trichlorosilylpiopyl) silane  was  obtained  7.1  g(54.67o). 

SU  MMA  RY 

1.  The  ndditionof  trichlorosilane  to  dialkyl  (phenyl,  chloro)diallylsilanes  was  studied  in  presence  df  benzoyl 
peroxide,  platinized  carbon  and  chloroplatinic  acid. 

2.  It  was  shown  that  the  activity  of  the  double  bond  in  diallyl  derivatives  of  silicon  increases  with  increasing 
size  of  alkyl  radical  (up  to  C4)  and  wlicn  the  latter  are  replaced  by  electronegative  phenyl  radicals  or  chlorine 
atoms. 

3.  Starting  from  products  of  addition  of  trichlorosilane  to  dialkyl  (phenyl,  chloro)diallylsilancs  at  the  two 
double  bonds,  12  previously  undcscribed  silicohydrocarbons  were  synthesized.  These  contain  three  silicon  atoms 
linked  by  propylene  bridges. 

4.  Spectral  investigations  showed  that  the  mode  of  addition  of  trichlorosilane  to  dialkyl (plienyl,  chloro)diaI- 
lylsilancs  in  presence  of  benzoyl  peroxide,  platinized  carbon  and  chloroplatinic  acid  is  contrary  to  the  Markovni- 
kov  rule. 
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I'lie  object  of  the  present  investigation  v/as  the  spectroscopic  study  of  the  structure  of  compounds  obtained 
by  addition  of  iriclilorosilane  to  trichloroallyl-  and  dichlorodiallylsilane,  and  alsoof  a  seriesof  sillco-hydrocarbons 
synthesized  from  addition  products  of  trichlorosilane  to  mono-  and  diallyl  silicon  derivatives  (Table  1). 

Addition  of  trichlorosilane  to  mono-  and  diallyl  silicon  derivatives  v/as  carried  out  in  the  presence  of  ben¬ 
zoyl  peroxide,  platinum  on  carbon,  and  of  hydrochloroplatinic  acid.  This  reaction  can  proceed  both  according 
to  Markovnikov’s  rule  (B),  and  contrary  to  Markovnikov’s  rule  (A). 


-njSiCHiCfl2CM.,jSiCl3  (A) 

lV,SiCl!.2Cn=GIl2  H  HSiCln' 

Nl\3SiCn2CMSiCl3  (3) 

I 

CH3 

R 


Xlf,CII=CH2 

n2Si<  ‘  |-21ISiC!3 

^CIliCII^^CHj 


Cl3SiCH2Cn2CH2SiCH2CIl2Cll2SiCl3 

R 

R 


cf3Sicncn2Sicii2Ciisici3 

I  I  I 

CII3  R  GII3 


(A) 


(B) 


As  seen  from  the  structural  formulas,  the  difference  between  (A)  and  (B)  lies  in  the  presence  in  (A)  (besides 
radicals  R)  of  Cn2  groups,  and  in  (B),  of  an  additional  0113  group.  Therefore,  in  the  first  part  of  the  work  we  uti¬ 
lized  the  possibilities  of  the  region  of  CH-valcnce  vibrations  (2800-3000  cm"M  to  determine  the  number  of  methyl 
and  methylene  groups  [Ip 

Investigation  of  the  Region  of  CM -Vibrations 

In  the  region  2800-3000  cm’^  ate  found  bands  belonging  to  the  valence  vibrations  of  CH^  and  CHs  groups. 
Tire  strongest  of  these  arc  the  bands  at  2930  and  2960  cm*^,  belonging  to  the  unsymmctric  vibrations  in  Cllj  and 
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TABLE  1 


o' 

2; 

n. 

0 

0. 

Compound 

Boiling  point 
(pressure  in 
mm) 

Melting 

:ioint 

Kltj, 

found 

caT^ 

culated 

1 

(cnOj^icn.cH.cii.sucii,), 

167  -169°(748) 

1.4218 

0.7584 

63.09 

63.06 

2 

(C,H,>,SICI1,CH,C1I,S|(C,U,), 

140-141  (3) 

— 

1.4.572 

0.8253 

89.98 

90.12 

3 

182-183.  (4) 

— 

1.4590 

0.824.5 

118.30 

118.62 

4 

(c.h.),sich,(:h,cm,si(c.h,), 

216-218  (3.5) 

— 

1.4G24 

0.8304 

146.01) 

115.92 

5 

(Ct»,).SICH,Cll,CM,SKC.U,), 

-  - 

120-121° 

— 

— 

— 

— 

6 

(Cll,),SICn,CM,CH,SI{C,H,), 

1 16-118  (8) 

— 

1.4430 

0.7980 

76.58 

76.92 

7 

(cii,b';icH,cn,cn,si(CjH,), 

147-148  (8) 

— 

1.4461 

0.8033 

90.50 

90.84 

8 

(CM,),sicn,cn,CH,si(c.H.), 

170-172  (8) 

— 

1.4499 

0.8102 

104.35 

104.39 

9 

(cii,)jSicn,cn.cn,si(cji,), 

219-221  (4) 

71—72 

— 

.  . 

— 

— 

10 

CI,SICH,CH,Cil,SlCI, 

116.5-118  (5) 

— 

— 

— 

— 

— 

11 

(Cn,),Sl(CH,CH,CH,Sl(CH,),b 

136—138  (6) 

1.4448 

0.8005 

95.90 

95.84 

12 

(C,n.),SI|CH,CII,CH,Sl(C,H,),l, 

224-  226  (7) 

— 

1.4707 

0.8500 

131.75 

131.92 

13 

(CiH,),SllCH,Cn,CIl,Sl(C,fI),I, 

242-244  (6) 

— 

1.4687 

0.8422 

169.56 

169.92 

14 

(C.H,),S1IC1I,CH,CII,S1(C.H,),), 

273-275  (5) 

— 

1.4702 

0.S45t) 

206.31 

206.32 

15 

(C,H,),S11CH,CU,CH,S1(C.M,),1, 

—  — 

114.5-1  IG 

— 

— 

— 

— 

16 

(cn,),si(cn,CM,cu,si(C,ii,gi, 

213-215  (7.5) 

— 

1.4678 

0.8140 

1 22.70 

122.90 

17 

(CH,),si[cii,cn,cii,si(c,ii,),], 

236- 23S  (7) 

— 

1.4665 

0.8100 

1.50.78 

151.40 

18 

(Cn,),siicn,CH,cn,si(c.n,),i, 

264-265  (8) 

— 

1.4680 

0.8129 

178.44 

178.70 

19 

(CM,),sifcir,cn,cii,si(C,iu)»li 

—  — 

91-93 

— 

— 

— 

.  — 

20 

C.H,{CH,)SI(CH,CO,CH,SI(CH,)j1, 

1S8-190  (5) 

— 

1.4Si0 

0.8672 

115.47 

115.60 

21 

C,H,(Cn,)SIICH,r,H,CH,Si(C.H,),], 

—  — 

103-104 

— 

— 

— 

— 

22 

(C,!I.),SI[CU,CH,CH,SI(C1I,)J, 

217—219  (5) 

— 

1.5218 

0.9310 

135.20 

135.48 

23 

Cl.SitCH.Cn-CHjStCI,), 

210-212  (2) 

— 

— 

— 

CH3  groups  respectively.  An  important  property  of  these  bands  is  their  growth  proportional  to  the  number  of  homo¬ 
logous  groups,  thus  affording  the  possibility  of  determining  the  number  of  them  in  the  molecules  [1].  In  silico- 
hydrocarbons  this  question  was  not  investigated,  but,  taking  into  consideration  the  "barrier"  properties  of  the  sili¬ 
con  atom  with  regard  to  aliphatic  groups  [2],  it  could  be  assumed  that  the  rule  mentioned  would  be  maintained. 
Besides  this,  the  Si  atom,  and,  especially,  the  groups  SiCl3  and  Si  (CgHjls  can  exert  an  inductive  influence  on 
CWi  and  €113  groups,  which  must  cause  a  certain  amount  of  merging  of  bands  and  a  change  in  their  intensity  in 
comparison  with  alkanes  (compare  the  influence  of  aromatic  rings  [!)). 

In  studying  the  spectra  of  the  compounds  (Table  2)  a  good  deal  of  attention  was  given  to  the  band  in  tlie 
region  2952  cm"*,  corresponding,  according  to  all  indications,  to  the  unsymmctrical  (weakened)  vibration  of  the 
CHj  group. 

Comparison  of  the  intensities  obtained  for  the  peaks,  both  of  the  first  three  standard  compounds  and  of  the 
compounds  investigated  by  us  and  shown  in  Table  2,  shows  high  uniformity  at  the  value  Cq,  This  demonstrates, 
on  the  one  hand,  the  correctness  of  the  number  of  CH3  groups  in  all  the  cmipounds  examined,  and,  on  the  other 
hand,  rules  out  the  possibility  of  formation  of  form  (B),  because  in  this  case  we  vrould  have  a  substantial  overcsti- 
mation  in  intensity  of  the  peak  at  2952  cm-*.  According  to  the  data  in  the  literature  [1  ],  the  peak  of  the  CH3 
group  in  a  short  aliphatic  chain  has  an  intensity  of  the  order  of  100  units  for  the  group.  Attention  should  also  be 
drawn  to  the  gradual  increase  of  intensity  of  the  band  at  2915  cm"*  (Cfl2  group)  from  zero  in  (013)481  to  65  units 
in  hcxamethyldisilylmethane,  85  units  in  hexamethyldisilylethane,  and  125  units  in  hexamethyldisilylpropane. 

It  is  evident  that  on  formation  of  form  (B)  the  character  of  intensity  growth  would  be  different  from  this.  In  Table  3 
intensities  are  shown  of  the  peak  of  the  CH2  group  in  the  silico-organic  compounds  investigated  by  us.  On  the 
left  hand  side  of  the  table  arc  shown  several  compounds  obtained  from  monoallyl  silicon  derivatives,  and  on  the 
tight,  from  diallyl  silicon  derivatives. 

As  seen  from  the  data  in  Table  3,  the  peak  for  CII2  groups  increases  in  intensity  for  compounds  shown  on 
the  right  side  of  the  table  twice  as  fast,  i.e. ,  in  agreement  with  the  form  of  structure  (A).  The  SiCl3  group  lowers 
the  intensity  of  the  band  for  CH2  groups,  but  this  lowering,  as  is  seen,  is  the  same  for  hcxachlorodisilylpropane  and 
dichlorodi  (trichlorosilylpropyl) silane  (the  compounds  in  the  fourth  line  of  the  left-  and  right-hand  parts  of  Tahle3). 
The  intensity  of  the  bands  3050  and  3070  cm"*  belonging  to  CgHj  groups  grows  with  tlie  number  of  these  radicals 
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'r  A  B  L  E  2 


Intensity  of  the  Peak  at  2'J52  cm"'  (CH3  groups) 


’rep. 

No. 

Compound  | 

/o 

1 _ 

n 

1 

SifClI.i), 

IfiO 

i 

40 

•> 

(GimiSiCII.SifCII,)-, 

27:» 

0 

4(i 

3 

(GHOiSiGilor,|I„Si(Glli)., 

2M) 

(i 

40 

4 

(Gni)3SiG.ii2G.ii.,':ii.,si((:ii  ,)i 

250 

l> 

42 

”1 

(ClliliSiCII  .G.|.,r,|I,Si((V,IN,)i 

125 

3 

42 

(Gll3)2SiiGdl2GII,/.ll2Si(Gll3):,)2 

320 

8 

40 

7 

(‘'.illrdabilClIXIGGlloSifr.llal^lj 

1 

200 

B 

43 

Note:  Io)intcnsity  of  band  at  a  maximum;  n) number  of  CH3  groups  in  the  silicon  atom; 
EQ)intensity  pertaining  to  one  CH3  group. 


TABLE  3 


Intensity  of  the  Peak  at  2912  cm"'  (GHz  groups) 


Prep, 

No. 

Compound 

1, 

Compound 

/n 

1 

(Cll.,)iSiCll2Cll.CII.,Si(Ciln):i 

120 

I  (CM  3).,S  i  |C  1 1 2C 1 1  .,r.  1 !  2S  i  (C 1 1 3)  ,l2 

Z50 

2 

{tV.Il,),Si(;iI,(:H2Cll2-'^i('V.llr,):j 

90 

1  (Co  1 1  .OoSi  |(  H  2C 1 1  1 1.,.Si  (C„  1 1  r,j:,)2 

ISO 

3 

(C 1 1  ^)■,.si( ;  1 1 2C.  11  n( :  1 1  oSi  (C,;  1 1  r,)-, 

130 

Cdl^(CoM-,lSi|CIL,CH2CIl2Si(Cll3)3|o 

27)0 

'» 

Cl3SiCil..Cll..ClloSi(:ii 

40 

ci>sii(:HnCli.,cii2Sici.,io 

SO 

Note:  Ij)intensity  of  band  at  a  maximum. 


cm"  * 

1300 

im 

1100 

woo 

900 


S(CH) 


■  S(f{CSi) 
'}v(C-C) 


_l _ L 

3  « 


5  6 

Number  of  "C  ’ 

Magnitudes  of  characteristic  frequen¬ 
cies  of  aliphatic  radicals  of  normal 
structure  attached  to  a  silicon  atom. 


attached  to  the  silicon  atom.  Tor  example,  the  band  at  3070  cm"* 
has  Cfl  120  units  for  triphcnylirimcthyldisilylpropanc  (compound  9, 
Table  1)  and  235  units  for  dimethyldi(triphcnylsilylpropyl)silane 
(compound  19,  Table  1). 

Proof  of  the  structure  of  other  compounds  of  this  scries,  having 
attached  to  the  silicon  atom  alkyl  radicals  with  two  or  more  car¬ 
bon  atoms,  is  difficult,  because  it  is  necessary  to  take  into  account 
the  superimposition  of  bands  belonging  to  CH2  groups  of  the  SifCHjlsSi 
complex  and  to  the  radicals  themselves.  Because  of  this,  in  this 
case  it  Vas  more  convenient  to  direct  attention  to  the  region  700- 
1700  cm"'.  According  to  the  data  given  in  work  on  this  series  [3], 
it  is  convenient  to  determine  the  type  of  radical  attached  to  the  si¬ 
licon  atom  by  means  of  the  frequencies  in  the  region  1150-12G5  and 
950-1100  cm"'  [2j.  Investigation  of  this  question  leads  to  consequent 
denendence  of  tlie  frequencies  of  the  regions  indicated  on  the  length 
of  the  aliphatic  cliains  (diagram).  It  is  evident  that  the  group  SiCHx- 
CH^thlaSi  also  has  its  own  characteristic  frequencies.  Actually,  a 
simple  comparison  of  all  spectra  shown  in  the  diagram  permits  the 

-I 


observation  of  two  recurrent  bands  at  approximately  900  and  1135-1140  cm"'.  Since  these  bands  do  not  pertain 
to  any  aliphatic  radicals,  it  is  correct  to  confirm  their  belonging  to  tlic  group  SiCl!2CH2CH2Si.  But  since  these 
bands  are  present  in  all  spectra,  both  of  the  compounds  containing  only  methyl  and  phenyl  radicals  and  of  com¬ 
pounds  containing  alkyl  radicals  with  two  or  more  carbon  atoms,  this  same  fact  indicates  a  type  (A)  structure  for 
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100% 


(CHj)jSiCH:CHiCHiSi(CcHi)) 


iCiHi),  SiCHjCflM  Sl(Ci  Hj), 


(CHjJjSiCHiCHiCHiSUCtHiJj 


(Wj  Si  CHtCHpIjSi  (C,Hg)j 


(CtH,),  SiCffiCH,CHjSi(CfMj)j 


(CHj)sSiCfl:CmSi(C,Hr)j 


(CHjh  Si  CHi  CH^  CH:  Si  (Cg  Hj)j 
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(CA)i  SifClli  CHi  CM, 


(CMj):  SifCH,  CM,  CM,  Si (Cj  H,)J, 


(C^M,}:SifCM,CM,CM,Si(C,H,y,  (CM,),  Si[CH,  CM, CM,  Si(C^M,}j], 


(CMj)r,M,  Si[CM,CM,CM,  Si  (CM,),], 


(CHj),SifCH,CM,CH2Si(r,M,),J, 


lCA):SifCM,CM:CHiSi(CsH,)}}i 


W,  5i[CM:CM,CH,Si(CMj),J, 


mo  ^300 700  c  m  •  ^ 


(CMj)C,MiSl[CM,  CM,  CM, Si  (C,H, ),!, 
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TABLE  4 


Characteristic  Frequencies  of  Radicals  Attached  to  a  Carbon  Atom 


Radical 

Characteristic  frequencies 
(in  cm"*) 

Numbers  of  spectra  in  which 
the  given  bands  arc  found 

CH3 

C2II5 

n  *041  Ip 

830.  SOf).  1250-1200 

970.  1014.  1230 

103(t.  1005,  1205 

1050.  1080,  1190 

740,  1104.  1180,  1490.  1570, 
1590,  region  above  3000  cm"  ’ 

1,  6-10.  14.  10-20 

2.  7,  11.  10 

3.  8.  12.  17 

4.  9.  13.  18 

5.  0.  14.  15.  19.  20.  21 

all  the  products  investigated.  In  Table  4  are  shown  the  most  characteristic  frequenciesof radicals  attached  to  a 
Si  atom,  as  recorded  in  the  data  in  the  literature,  and  thenumbers  of  the  spectra,  where  they  have  been  observed 
by  us.  Comparison  of  these  data  with  the  structure  of  the  corresponding  compounds  shows  complete  agreement  of 
spectral  characteristics  with  structural  formulas. 

METHOD  OF  OBTAINING  SPECTRA 

Infrared  spectra  were  obtained  on  an  IKS -12  spectrometer  in  the  region  700-1700  and  2800-3000  cm'^. 

Prisms  of  NaCl  and  LiF  were  used.  Spectra  of  liquid  substances  in  the  region  700-1700  cm"^  were  investigated 
In  the  pure  state  in  thin  layers  between  plates  of  KCl;  solid  substances  were  mixed  beforehand  v/ith  potassium 
bromide  (20  mg  of  the  substance  and  2  g  of  KBr)  and  compressed  under  a  pressure  of  12t  /cm*  into  thin  plates. 

In  the  region  2800-3100  cm‘^  all  substances  were  Investigated  as  a  solution  of  CCI4.  The  spectral  curves 
obtained  (recordings  on  tape)  were  subsequently  converted  into  percentage  transmittance. 

SUMMARY 

A  study  of  the  infrared  spectra  of  products  formed  by  addition  of  trichlorosilane  to  mono-  and  diallyl  sili¬ 
con  derivatives  in  the  presence  of  benzoyl  peroxide,  of  platinum  on  carbon,  and  of  liydrochloroplatinic  acid  showed 
that  addition  proceeds  contrary  to  Markovnikov’s  rule,  and  that  the  compounds  investigated  have  the  following 
structure: 


U 

I 

HaSiCIIjCHjClLSiRj  n  RaSiCIIjCII^ClIjSiGIIaCHjCIIsSiHa. 

1 

R 
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h)  a  previous  communication  [1],  we  have  described  the  bisazo  dyestuffs  containing  in  their  molecules  the 
oxadiazolc  (I)  and  tliiodiazole  (II)  ring,  and  have  called  attention  to  the  substantive  properties  of  these  dyestuffs 
in  relation  to  cotton. 


ll_N.^N-(^  /-N=N-R 

(1) 

/N-N.  / - . 

R-N=.N— ^-N=N-R 

,  (11) 

(R  is  the  coupling  component) 


It  still  remains  uncertain,  however,  to  what  extent  the  substantive  properties  of  these  dyestuffs  is  connected 
with  tlie  presence  in  their  molecules  of  the  heterocyclic  rings,  and  to  what  extent  it  is  to  be  attributed  to  the  pre¬ 
sence  of  the  long  chain  of  conjugated  double  bonds.  It  seemed  to  us  that  the  answer  to  this  question  might  be 
obtained  best  of  all  by  comparing  the  affinity  towards  cotton  of  the  dyestuffs  I  and  II,  with  those  of  others  which, 
though  close  to  these  in  structure,  did  not  contain  the  heterocyclic  nucleus.  Such  dyestuffs  arc  those  derived  from 
4,4"-di3mino-p-terphcnyl  (III),  which  have  recently  been  studied  by  one  of  us  [2]. 


‘ 

(111) 

Table  1  shows  that,  in  spite  of  the  presence  in  their  molecules  of  chains  of  conjugated  double  bonds  of  the 
same  length  as  arc  found  in  the  dyestuffs  derived  from  p-terphcnyl,  the  dyestuffs  I  and  II  have  no  superiority  in 
affinity  towards  cotton  over  III.  On  the  contrary,  the  derivatives  of  thiodir.zole  to  a  lesser  degree,  and  those  of 
oxadiazole  to  a  greater  degree,  arc  inferior  in  this  respect  to  the  last  named. 
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TABLE  1 


-Xoi^ing  component 

Dyestuff 

[  Affinity  (in  kcal/  mole) 

Ash  acid  | 

Chicago  SS  acid 

60* 

so* 

no® 

so® 

(>) 

4.v,l 

4.35 

4.74 

4.42 

(H) 

5.51 

5.30 

6.02 

5.79 

(HI) 

G.OO 

6.31 

TABLE  2 


^Coupling  component 

Dyestuff 

Affinity  (in  kcal/  mole) 

Ash  acid  | 

Chicagr 

a  SS  acid 

60® 

80® 

60® 

so® 

(II) 

5.51 

5.30 

6.02 

5.79 

(IV) 

3.23 

2.63 

3.42 

3.00 

(V) 

1.83 

1.67 

1.47 

0.91 

(VI) 

3.14 

3.05 

— 

— 

Wc  also  thought  that  it  would  be  interesting  for  tlic  estimation  of  the  effect  of  the  two  factors  mentioned 
above  on  the  substantive  character  of  dyestuffs  of  type  II  if  wc  were  to  synthesize  and  study  the  dyestuffs  IV  and 
V,  which  arc  isomeric  with  them. 


/  \s/ 


(IV) 


I\— N=-N  N=N-R 


(V) 


In  the  former  of  this  pair  of  dyestuffs,  the  azo  groups  are  not  connected  together,  nor  with  the  central,  he¬ 
terocyclic,  ring  by  means  of  a  chain  of  conjugated  double  bonds,  while  such  a  chain  is  found  in  the  latter  of 
them,  although  the  distance  between  the  azo  groups  is  appreciably  shorter  than  in  II. 

Dyestuffs  IV  and  V  are  not  described  in  the  literature.  We  obtained  them  according  to  the  scheme  used  on 
an  earlier  occasion  by  one  of  us  [1]  for  the  synthesis  of  dyestuff  II.  The  hydrazidcs  of  m-  or  o-nitrobcnzoic  acid 
were  caused  to  react  with  pliosphorus  pcntasulfidc,  as  a  result  of  which  the  thiodiazole  ring  was  formed.  After¬ 
wards,  tlic  dinitro  derivative  of  2, 5-diphenyl -1 ,3 ,d -thiodiazole  was  reduced  by  means  of  sodium  disulfide  into 
the  corresponding  diamine,  which  was  then  diazotized,  and  coupled  in  an  alkaline  medium  with  Asli*  acid 
Chicago  SS  acid.  Table  2  provides  a  comparison  of  the  affinities  towards  cotton  of  dyestuffs  IV  and  V,  and  their 
para-isomer  II. 

Table  II  shows  that  the  interruption  of  the  conjugation  between  the  azo  groups  leads  to  an  abrupt  reduction 
in  the  affinity,  giving  then  a  value  v;hich  is  close  to  that  affinity  of  the  corresponding  dyestuff  prepared  from 
3,3‘-diaminobiphenyl  (VI),  which  differs  from  IV  only  in  the  absence  of  the  thiodiazole  ring. 

•Transliteration  from  the  Russian  original. 
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n-N=.N 

I 


--=/  \= 

(VI) 


N=.N_U 

I 

;> 


Thus,  the  effect  of  the  lieterogencous  ring  in  the  absence  of  the  chain  of  conjugated  double  bonds  between 
the  azo  groups  has,  in  the  case  under  discussion,  no  effect  on  the  dyeing  properties  of  the  dyestuff  towards  cotton. 

It  follows  from  the  data  presented  in  Table  2  that  dyesV  are  even  less  substantive  than  their  meta  isomers 
(iV),  allhough  the  molecules  of  V  in  :fude  the  azo  groups  in  the  conjugated  double  bond  chain.  The  shortening 
of  the  chain  of  conjugated  double  bonds  Ijctween  the  azo  groups,  in  comparison  with  dyestuff  If. has  in  this  case 
no  appreciable  effect,  since  drains  of  the  same  length  are  contained  in  the  molecules  of  the  substantive  benzidine 
dyestuffs  VII,  ; 

In  all  probability,  we  encounter  here  the  same  phenomenon  as  is  observed  in  the  investigation  of  dyestuffs 
derived  from  2,2'-diaminobiphenyl  (VIll),  which  has  absolutely  no  affinity  towards  cotton. 

U_N=N  N==N— R 

_  _  _ I  I _ 

n-N=.N-<^  /~\  N-=N-R 

~(vll)  (VIII)” 


The  cause  of  this  phenomenon  may  be  the  nonlinear  structure  of  the  molecules  of  the  dyestuff,  or  also  the 
steric  hindrance  occurring  in  tliese  molecules  on  account  of  the  volume  occupied  by  the  substituents  (the  azo 
groups,  and  the  radicals  of  the  coupling  components  connected  to  them  in  the  ortho-position  in  relationship  to 
the  intcr-ring  bond),  and  the  impeding  position  of  the  benzene  rings  and  thlodiazole  ring, all  located  in  a  single 
plane.  It  is  possible  that  both  these  factors,  operating  simultaneously,  lead  to  practically  complete  loss  of  the 
substantive  properties. 

Table  3  provides  a  comparison  of  the  colors  of  aqueous  solution  of  dyestuffs  II,  IV  and  V.  Dyesii'ffs  IV  and 
V,  in  which  the  azo  groups  are  in  the  meta-  or  ortho-position  to  the  thiodiazole  ring,  possess  a  higher  color  in 
solution  in  water  than  their  para -isomers.  The  abrupt  increase  in  the  color  in  the  case  of  the  meta -isomers  (IV) 
is  associated  with  the  interruption  of  the  chain  of  conjugated  bonds  between  the  two  chromophoric  systems  in  the 
molecules  of  the  dyestuffs.  As  to  dyestuff  V,  the  increase  in  color  must  be  attributed  both  to  the  shortening  of 
tlie  chain  of  conjugated  double  bonds  between  the  azo  groups  as  compared  with  that  present  in  the  para -isomers, 
and  to  the  steric  hindrance  which  has  already  been  discussed  above.  It  is  questionable,  however,  whether  such  a 
shortening  of  the  chain  would  lead  to  so  considerable  an  increase  in  the  color,  since  the  corresponding  benzidine 
dyestuffs  ( VIO,  which  have  a  chain  of  conjugated  double  bonds  of  the  same  length,  have  an  absorption  maximum 
displaced  by  50-60 mp  towards  the  longer  wave-length  region  of  the  spectrum,  as  compared  with  dyestuffs  of 
type  V.  This  makes  it  possible  with  considerable  confidence  to  draw  the  conclusion  that  the  steric  hindrance  in 
the  molecules  of  dyestuffs  of  type  V  is  of  great  importance. 
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EXPERIMENTAL 


2.5- Bis-(3-Nitrophej^’l)-l,3,4-Thiodiazole.  3  grams  of  N ,N’-bis-<3-nitrobenzoyl)-hydraziLiie  were  dissolved 
witli  heating  under  a  reflux  condenser  in  20  ml  of  dry  nitrobenzene,  and  to  the  boiling  liquid  were  added  6  grams 
of  phosphorus  pentasulfide,  prepared  according  to  the  method  described  in  [3].  Effervescence  and  darkening  of  the 
liquid  took  place  during  this  process.  The  mixture  was  then  boiled  for  a  further  15  minutes.  On  tlie  following  day 
the  residue  which  had  separated  out  on  cooling  was  filtered  off,  washed  with  benzene  to  remove  residual  nitro¬ 
benzene,  dried,  washed  with  a  warm  3'?>  solution  of  sodium  hydroxide  and  then  with  water,  dried  again,  and  sub¬ 
mitted  to  repeated  treatment  with  carbon  disulfide.  It  was  then  recrystallized  from  glacial  acetic  acid.  Yield: 

1.2  g  (4070  of  theoretical). 

Analysis:  N  =  lG.19lo;  16.947o.  Calculated  N  for  C,4H804N4S  =  17.077o. 

The  product  obtained  w'as  a  pale-yellow  powder  with  a  melting  point  of  240-241*.  It  w'as  insoluble  in  water 
and  carbon  disulfide,  but  soluble  in  pyridine,  and,  on  heating,  in  glacial  acetic  acid. 

2 .5- Bis -<2 -nitrophcnyl) -1 ,3 ,4 -tliiodiazole  was  obtained  in  a  similar  way  from  N,N' -bis-<2-nitrobenzoyl)- 
hydrazinc.  Yield  1.15g  (397o). 

Found  N  1G.63,  1G.61.  Calculated  for  C14HEO4N4S,  17.07. 

The  product  was  a  pale-yellow  pov/der,  rn.p.  208*,  insoluble  in  water  and  carbon  disulfide,  soluble  in  pyridine, 
and  on  healing  in  glacial  acetic  acid  and  toluene. 

2 -5 -Bis -( 3 -aminophcnyl) -1 ,3 ,4 -tliiodiazole  was  obtained  from  2, 5-bis -(3 -nitrophcnyl)' -1,3 ,4 -tliiodiazole,  the 
reduction  being  carried  out  under  the  same  conditions  as  those  previously  used  for  the  preparation  of  2,5-bis-(4- 
aminopheiiyl)-!  .3,4 -ihiodiazolc  [I3.  2.5  g  of  the  nitrocompound  were  heated  under  reflux  to  dissolve  in  20  ml  of 
pyridine,  and  then  during  one  hour  there  was  added  to  the  boiling  solution  140  ml  of  a  sodium  disulfide  solution  pre¬ 
pared  by  dissolving  32  g  sulfur  and  240  g  crystalline  sodium  sulfide  (Na^S*  9H2O)  in  a  mixture  of  625  ml  water  and 
100  ml  pyridine.  In  the  course  of  this  process  the  color  changed  from  yellow  to  dark  green.  The  solution  was 
boiled  for  a  further  hour  and  then  cooled,  and  the  contents  of  the  flask  poured  into  one  liter  of  water.  On  the  fol¬ 
lowing  day  the  precipitate  formed  was  filtered  off,  washed  several  limes  with  water,  dried,  and  recrystallized  twice 
from  isoamyl  alcohol.  Yield  1.9g(937o). 

Analysis:  Nllz*  =  11.8rA>;  Il.Slfo.  Calculated  Nllj  for  Ci4ll8N2S(NH2)2  =  11.947o. 

The  product  obtained  was  a  pale- yellow  powder  with  melting  point  239*  (according  to  [5]  it  is  239-240*). 

It  is  easily  soluble  in  pyridine  and  isoamyl  alcohol,  but  insoluble  in  water. 

2.5- Bis-(2-Aminophcnyl)-l  ,3,4-Thiodiazolc  was  obtained  by  the  reduction  of  2,5-bis-(2-nitrophenyl)-l ,3,4- 
thiodiazolc.  The  reduction  was  carried  out  in  the  same  way  as  for  the  previous  product;  the  amine  was  purified 

by  recrystallization  front  alcohol.  From  0.9  gram  of  the  nitro-compound,  0.67  gram  of  the  amine  was  obtained 
(9l7oof  theoretical). 

Analysis:  NII2  =  ].1.907a:  11.937o.  Calculated  HN2  for  Ci4H8N2S(Nfl2)2  =  11.947o. 

The  product  obtained  was  a  yellow  powder,  with  melting  point  216-217*.  It  is  insoluble  in  water,  hut  soluble 
in  glacial  acetic  acid,  and  on  heating  in  alcohol  and  in  benzene. 

To  demonstrate  tliat  the  amine  prepared  is  a  derivative  of  2,5-diphcnyl-l ,3,4-thiodiazole,  we  subjected 
it  to  a  deamination  process.  0.2  gram  of  the  diamine  was  dissolved  in  a  mixture  of  25  ml  v/atcr  and  2  ml  concen¬ 
trated  hydrochloric  acid,  and  after  the  solution  had  been  cooled  to  0*,  0.11  gran)  of  sodium  nitrite  was  added.  The 
solution  of  the  diazo  compound  obtained  in  this  way  was  filtered,  and  with  thorough  stirring  2  grams  of  potassiuni 
hypopliospliite  (KH2PO2)  was  added.  On  the  following  day  tlie  product  of  deamination  v/hieh  had  settled  out  was 
filtered  off  and  recrystallized  from  alcohol.  Its  melting  point  was  145-146*  (compared  with  the  figure  of  141-142* 
contained  in  the  literature  [6]). 

3,3'-DiaminobiplieiiyI  v;as  obtained  by  the  reduction  of  3,3'-dinitrobiphcnyl.  The  latter  vras  synthesized 
according  to  a  scheme  already  published  [7]  by  the  nitration  of  the  diacctyl  derivative  of  benzidine,  saponifica- 


•  The  analysis  was  carried  out  by  means  of  potentiometric  titration  by  means  of  a  0.01  N  solution  of  sodium  nitrite 

(4> 
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tion  of  the  product  obtained  in  this  way,  and  subsequent  deamhiation  of  the  3,3’-dlnitrobenzidine.  In  distinction 
from  the  procedure  followed  in  [7],  we  carried  out  the  deamination  by  means  of  potassium  hypophosphite.  Into 
a  mixture  consisting  of  4.5  grams  of  sodium  nitrate  and  45  nil  of  concentrated  sulfuric  acid  and  held  at  10’,  8  grams 
of  the  3,3’-dinitrobenzidine  was  introduced,  and  the  mass  stirred  for  an  hour.  Subsequently  45  ml  of  glacial  acetic 
acid  was  added,  and  the  mixture  stirred  for  a  further  15  minutes;  poured  on  to  ice.  There  were  then  added,  with 
mixing,  80  grams  of  potassium  hypophosphite.  There  was  Immediately  formed  a  dark-yellow  precipitate,  which, 
after  24  hours,  was  filtered  off,  washed  with  water,  and  dried.  M.p.  =  194-195*  (compared  with  the  figure  of  196- 
198*  contained  in  the  literature  [7]:  after  distillation  of  impurities  away  at  a  temperature  above  200*  at  a  pressure 
of  10'®  mm  Hg,  the  ineliing  point  was  200*). 

The  reduction  of  3,3’-dinitrobiphenyl  was  carried  out  by  means  of  hydrazine  hydrate  in  alcoholic  solution, 
according  to  a  method  published  earlier  [8].  3.5  grams  of  3,3’-dinitrobiphenyl  were  stirred  into  35  ml  of  alcohol 
with  heating  under  reflux  on  a  v/ater  bath.  6  ml  of  hydrazine  hydrate  was  added,  and  then  in  small  portions  nickel 
was  introduced.  The  reduction  wasregardeda'  completed  when  the  evolution  of  nitrogen  ceased.  The  solution 
was  filtered  away  from  the  nickel,  and  tlie  filtrate  evaporated.  The  amine  then  separated  out  in  the  form  of  an 
oil  which  solidified  on  cooling.  The  purification  of  the  amine  obtained  was  performed  in  the  following  way;  it 
was  dissolved  in  anhydrous  benzene  and  hydrogen  chloride  gas  was  passed  into  the  solution.  The  amine  hydro¬ 
chloride  wliich  separated  during  this  treatment  did  not  melt  up  to  350*.  Yield  2.3  g  (63'^7o  of  theoretical). 

Analysis:  NHz  =  12.25'7o;  12.257o.  Calculated  NHa  for  Ci2Hiof^l2(NH2)2  =  12.45'7o. 

The  amine  was  separated  from  the  hydrochloride  by  the  addition  of  alkali  to  the  aqueous  solution  of  the 
salt.  It  was  a  talc-colored  powder  with  melting  point  93*  (compared  with  92-94*  in  the  published  literature  [7]). 

Dyestuffs  Derived  from  2,5-Bis-(3-Aminophenyl)-  and  2,5-Bis-(2-Aminophcnyl)-  Derivatives  of  l,3,4-'rhio- 
di azole.  I  he  diazoiization  of  all  the  amines  was  carried  out  by  the  addition  of  the  calculated  quantity  of  sodium 
nitrite  to  the  solution  of  the  amines  in  hydrochloric  acid.  2,5-Bis-(2-aminophenyl)-l,3,4-thiodiazole  was  diazotized 
at  30*,  and  the  two  other  amines  at  0-5*.  Tlie  coupling  with  Aju  acid  and  Chicago  SS  acid  was  performed  in  an 
alkaline  medium,  to  which  the  necessary  quantity  of  soda  was  added.  V/hen  the  dyestuffs  were  separated  from  the 
aqueous  solutions  some  difficulty  was  experienced,  since  the  dyestuffs  obtained  from  2,5-bis-(2-aminophenyl- 
1,3,4-thiodiazole  were  too  soluble  in  water  for  the  addition  of  common  salt  to  cause  them  to  precipitate.  We 
effected  the  separation  from  solution  by  the  addition  of  hydrochloric  acid:  the  precipitate  obtained  was  filtered 
off  and  dissolved  in  the  minimum  quantity  of  water.  To  the  aqueous  solution  was  then  added  under  gentle  heating 
the  quantity  of  soda  needed  to  convert  the  dyestuff  into  the  sodium  salt.  The  solution  obtained  was  purified  by 
means  of  a  chromatographic  method  on  aluminum  oxide,  and  then  evaporated  to  dryness  on  a  water  bath. 

The  dyestuffs  obtained  from  2,5-bis-(3-aminophcnyl)-l,3,4-thiodiazolc  and  3,3’-diaminohiphenyl  were 
purified  from  mineral  impurities  by  the  acetate  method  [9],  and  then  their  aqueous  solutions  were  submitted  to 
chromatography  on  aluminum  oxide.  All  the  dyestuffs  were  analyzedby  the  method  described  in  [10], 

The  affinity  of  the  dyestuffs  for  cotton  was  determined  according  to  the  method  described  in  [11],  the  size 
of  the  affinity  being  calculated  on  the  basis  of  results  obtained  on  dyeing  with  a  vat  modulus  of  1:100,  dyestuff 
concentration  of  0.0001  molar,  and  sodium  chloride  concentration  0.02  molar  with  respect  to  the  dyestuff  solu¬ 
tion.  The  dyeing  was  carried  out  at  60  and  80*  up  to  an  equilibrium  condition.  Then  concentrations  of  the  dye¬ 
stuffs  in  the  solutions  were  determined  by  a  colorimetric  method,  using  the  photoelectric  colorimeter  F^K-M. 
Control  solutions  for  the  period  of  all  the  dyeing  processes  were  Iieatcd  in  a  thermostat  at  the  same  time  as  the 
dyestuff  solutions. 

The  maximum  absorption  of  the  dyestuff  solutions  was  determined  on  the  spectrometer  SF-2M. 

SUM  MARY 

1.  There  have  been  synthesized  disazo  dyestuffs  from  2,5-bis-(3-aminophenyl)-  and  2,5-bis-(2-aminophenyl)- 
derlvatives  of  1 ,3,4-thiodiazole.  The  affinity  of  these  towards  cotton  has  been  examined,  together  with  their  color 
in  aqueous  solution. 
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2.  Interruption  of  the  conjugation  between  the  two  chronrophoric  groups  of  the  systems  found  In  the  dyestuff 
molecules  derived  from  2,5-bis-(3-aminophenyl)-l ,3,4-thiodiazole  leads  to  a  sudden  increase  in  the  color  and  a 
diminution  in  the  substantive  character,  in  comparison  with  the  isomeric  dyestuffs  derived  from  2,5-bis-(4-amlno- 
phcnyD-l ,3,4-thiodiazole,  in  which  the  azo  groups  arc  situated  in  para-position  with  respect  to  the  inter-ring 
bond. 

3.  The  low  affinity  towards  cotton,  and  the  high  color  of  the  dyestuffs  derived  from  2,5-bis-(2-aminophenyl) 
1,3,4-thiodiazole,  in  which  the  azo  groups  occur  in  the  ortho -posit ions  with  respect  to  the  inter-ring  bond,  permits 
us  to  assumption  that  considerable  sicric  hindrance  is  present  in  these  molecules. 
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The  chemical  properties  of  isoprene  oxide,  in  distinction  from  those  of  divinyl  oxide,  have  up  to  now  been 
studied  to  a  very  limited  extent.  When  isoprene  oxide  is  submitted  to  the  action  of  hydrobromic  acid,  isomeri¬ 
zation  takes  place  with  the  production  of  tiglaldehyde  [1].  The  direction  in  which  the  addition  of  alcohols  to 
isoprene  oxide  proceeds  is  determined  to  a  considerable  extent  by  the  nature  of  the  catalysts  used  in  such  reactions 
pj.  Ammonia  and  amines  combine  with  isoprene  oxide  in  accordance  with  the  Markovnikov  Rule  [3],  in  the 
main,  though  not  exclusively. 

In  the  development  and  extension  of  these  investigations,  we  have  carried  out  a  study  of  the  reactions  of 
isoprene  oxide  with  hydrogen  sulfide,  and  with  certain  mercaptans.  The  addition  of  hydrogen  sulfide  to  isoprene 
oxide  was  carried  out  in  aqueous  alcohol  solution,  in  the  presence  of  hydrated  barium  oxide  and  at  room  tempera¬ 
ture.  One  product,  2-meihylbutenc-3-thiol-l-ol-2  (I)  has  been  isolated.  The  presence  in  this  compound  of  a 
primary  mcrcapto  group  lias  been  confirmed  by  the  Rlicinboldt  test  [4].  Consequently,  the  combination  of  hydro¬ 
gen  sulfide  with  methylvinylethylene  oxide  takes  place  in  accordance  with  the  Markovnikov  Rule. 

Clla 

I 

iis-CH.,-coii-c;ii---.i:ii2  (i) 


The  results  obtained  are  in  harmony  with  the  data  on  the  combination  of  hydrogen  sulfide  with  other  unsym- 
metrical  doubly  substituted  oxides  of  ethylene,  such  as  the  oxides  of  methyleihylethylene  and  methylphenylethy-  , 
lene  [5].  The  addition  of  ethylmercaptan  and  propylnietcaptan  to  isoprene  oxide  was  carried  out  in  the  presence 
of  an  alkaline  catalyst  —  sodium  mercaptide  and  boron  fluoride.  In  both  cases  it  has  been  established  that  a  mix¬ 
ture  of  the  two  isomcrie  thioethers  is  formed.  When  the  combination  of  isoprene  oxide  with  ethyl-  and  propyl- 
mercaptans  is  carried  out  in  the  presence  of  sodium  mercaptide,  the  reaction  takes  place  primarily  in  accordance 
with  the  Markovnikov  Rule,  but  not  exclusively  so:  a  mixture  of  the  thioethers  II  and  III  is  formed,  the  primary 
thioether  II  predominating. 


CII3  CH3 

I  I 

ciio=cn-c-cii2sn  (;ii,---(;ii-c-cii,oii 

I  ■  I  ' 

on  si\ 

(II)  (111) 

U=CM,  ,  r.,n.. 
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TABLE  1 


Products  of  the  Combination  of  Hydrogen  Sulfide  and  Mercaptans  v/ith  isoprene  Oxide 


Substance 

«/.  s 

»/«  oil  ] 

Yield 

(wt.7o) 

found 

. 

cal¬ 

culat¬ 

ed 

found 

cal¬ 

culat¬ 

ed 

found 

cal¬ 

culat¬ 

ed 

(1) 

I  'd) -1 '.1.50 

1.5155 

1.0581 

33.5i 

3ilG 

20.89 

27.13 

1 1.03 

14.39 

25 

81-82.5 

1.4S75 

0.9708 

43.29 

43.58 

21.90 

21.92 

1 2,58 

11. G3 

2G.S 

(Ml)  Ur-Cjlls 

l()(i-107.r> 

1.5032 

0.9905 

43.58 

43..58 

21.79 

21.92 

12.45 

11.63 

15.3 

(11)  H  -r^tlall; 

‘)7-i)s.r. 

i.'i.snn 

0.95S1 

48.19 

48,20 

20.10 

20.00 

10.48 

10.(51 

26. 2 

(Ml)  H 

121.5  -12:1 

1.5039 

0.9.832 

4,8.  IS 

4S.20 

19.81 

20.00 

10.48 

10.(53 

1.5.t) 

In  the  presence  of  boron  fluoride,  the  same  mixture  of  thioethers  is  produced,  but  now  the  predominant  com 
pound  is  that  with  the  tertiary  ihiocther  group  (III).  This  change  is  due  to  the  change  in  the  polarization  of  iso¬ 
prene  oxide  during  the  reaction  under  the  influence  of  the  boron  trifluoride.  The  evidence  that  the  formulas  of 
the  compounds  produced  correspond  to  II  and  III  was  found  in  a  study  of  the  rate  of  their  benzoylation:  the  hy¬ 
droxyl  group  in  substance  II  undergoes  benzoylation  at  only  one  sixth  of  the  rate  of  that  in  substance  III.  Com¬ 
parison  of  the  constants  also  shows  that  substance  III  contains  a  primary  alcoholic  hydroxyl,  while  substance  II 
contains  a  secondary  alcoholic  hydroxyl.  The  characteristics  of  the  products  obtained  arc  given  in  Table  1. 

The  results  show  that  the  combination  of  mercaptans  with  isoprene  oxide  in  the  presence  of  a  basic  catalyst 
takes  place  in  a  manner  analogous  to  that  of  alcohols  [2].  In  the  presence  of  boron  trifluoridc  alcohols  combine 
will)  isoprene  oxide  exclusively  with  the  formation  of  ternary  ethers:  that  is,  violation  of  Markovnikov's  Rule  oc¬ 
curs;  under  the  conditions,  the  mercaptans  also  form  a  mixture  in  which  the  tertiary  thioethers  arc  the  predomin¬ 
ant  products. 

In  conclusion,  we  have  also  investigated  the  formation  of  dioxalanes,  v/ith  a  yield  of  from  407o  to  5070  by 
the  reaction  of  acetone  with  isoprene  oxide  (IV,  when  R  =  CH3):  or  of  methylethylketone  with  the  oxide  (IV,  R  = 

=  C2H5):  or  the  cyclohexanone  with  it(V).  There  has  lately  been  a  considerable  growth  of  interest  in  dioxalanes 
on  account  of  the  possibility  of  using  them  as  plasticizers,  solvents,  and  pharmaceutical  materials.  The  reactions 
were  carried  out  in  the  presence  of  the  etheraie  of  boron  trifluoride. 


r.ii;, 

CII3 

1 

Cll.^  r  CII— C-CIL, 

1  1 

1 

cn2=^cn-('-cii.2 

1  1 

1  1 

0  0 

1  1 

0  0 

X/ 

0 

\/ 

x\ 

/\ 

CII3  R 

Cil2  Clio 

1  1 

(IV) 

1  1 
CII.2  CII2 
\  / 

R=cn3 .  C,!L, 

Clio  ( 

The  characteristics  of  the  products  obtained  are  given  in  Table  2. 

EX  PERIMENT  A  I, 

Isoprene  oxide  was  obtained  by  means  of  the  oxidation  of  isoprene  by  acetyl  hydroperoxide  in  ethereal  solu¬ 
tion  [Cj. 

The  combination  of  hydrogen  sulfide  with  isoprene  oxide.  10  grams  of  hydrated  barium  oxide  were  thoroughly 
suspended  in  75  ml  of  Ib'-'io  alcohol,  and  the  reaction  mixture  was  saturated  with  hydrogen  sulfide.  Then,  during  a 
p>eriod  of  two  hours,  20  g  of  isoprene  oxide  was  added  in  drops  during  continued  bubbling  in  of  the  hydrogen  sulfide. 


2596 


TABF.E  2 


Products  of  the  Combination  of  Ketones  with  Isoprene  Oxide  (dioxalanes) 


Boiling 

»/,  c 

•/. 

11 

Yield 

(wt.'7d 

Substance 

point(prcs- 
Mjre  in 
mm) 

dc* 

found 

cal- 

cu- 

latcd_ 

found 

cal¬ 

cu¬ 

lated 

found 

cal¬ 

cu¬ 

lated 

(IV  )1\  -  --  r;H3 

13(1  -i.ir 
(700) 

1.4208 

0.9114 

30.49 

39.09 

07.4.3 

07.57 

9.75 

9.92 

38.8 

(IV)  II  z.^f.-ollr, 

I.')'.’  -15'i 
(700) 

1.4321 

0.9  LOO 

44.20 

44.31 

09.45 

09.19 

10.13 

10.09 

35.0 

(V) 

81— S  2.5 
(H) 

1.4022 

0.9799 

51.08 

51.19 

72.21 

72.49 

9.79 

9.95 

48 .6 

After  the  addition  of  the  calculated  quantity  of  sulfuric  acid  to  bring  about  the  precipitation  of  the  barium  ions, 
the  reaction  mixture  was  extracted  with  ether,  the  ethereal  extract  being  dried  by  means  of  sodium  sulfate.  Frac¬ 
tional  distillation  produced  7  g  of  2-methylbutene-3-oI-2-thiol-l  (I).  The  appearance  of  a  red  coloration  on 
the  addition  of  sodium  nitrite  (Rheinboldt  test)  shows  that  the  product  obtained  contains  a  primary,  and  not  a  ter¬ 
tiary,  mercapto  group. 

The  combination  of  ethylmercaptan  and  propylmercaptan  with  isoprene  oxide.  1)  In  the  presence  of  sodium 
mercaptide.  To  22.1  g  of  freshly  redistilled  ethylmercaptan  were  added  0.3  g  sodium  and  30  g  isoprene, oxide. 

The  reaction  was  carried  out  in  a  sealed  tube  at  100  to  lUT  during  a  period  of  14  hours.  Distillation  yielded  14  g 
of  2-metliyl-l -thioctIioxy-3-ol-2,  and  8  g  of  2-methyl -2-thioethoxybutenc-3-ol-l.  In  an  experiment  carried  out 
in  a  similar  way  using  27.1  g  propylmercaptan  and  30  g  isopropyl  oxide,  15  g  of  2-methyl -1 -thiopropoxybutcne-3- 
ol-l  and  3  g  2-mctliyl-2-thiopropoxybutcne-3-ol-l. 

2)  In  the  presence  of  the  ctheratc  of  boron  trifluoride.  To  a  solution  of  22.1  g  of  ethylmercaptan  and  0.15 
ml  of  the  etiieratc  of  boron  trifiuoride  in  100  ml  of  dry  ether  there  is  added  gradually,  during  cooling  with  ice- 
cold  water  and  witli  shaking  30  g  isoprene  oxide.  The  reaction  mixture  is  heated  for  12  hours  at  60*.  There  is 
produced  3  g  of  2-mcthyl -1 -thioethoxybutenc-3-ol-2,  and  10  g  of  2-methyl -2-thioethoxybutcne-3-ol-l.  In  a 
similar  experiment  using  44  g  isoprene  oxide,  40  g  propylmercaptan  and  0.3  ml  of  the  etherate  of  boron  trifiuoride 
in  dioxan  solution  (heated  for  14  hours  at  90*)  there  was  obtained  6  g  of  2-methyl -1 -thioptopoxybutene-3-ol -2, 
and  24  g  2-mefhyl-2-thiopropoxy-3-butenol-l. 

The  interaction  of  isoprene  oxide  with  ketones.  To  1  mole  of  the  ketone,  cooled  to  -10*,  containing  0.4  to 
0.5  g  of  the  ctheratc  of  boron  trifiuoride,  tliere  was  added  gradually  0,2  mole  of  the  ketone.*  The  reaction  mix¬ 
ture  was  allov/ed  to  stand  for  2  hours  during  the  cooling,  and  then  for  14  hours  at  room  temperature,  after  which 
it  was  washed  with  a  saturated  potash  solution.  The  upper  layer  was  dried  with  potash  and  distilled.  The  charac¬ 
teristics  of  the  product  obtained  arc  shown  in  Table  2. 

SUMMARY 

1.  The  combination  of  hydrogen  sulfide  with  isoprene  oxide  takes  place  in  accordance  with  the  Markovnikov 
Rule.  When  combination  takes  place  between  ethyl  -  a;id  propyl -mercaptan  and  isoprene  oxide  in  the  presence  of 
sodium  mercaptide,  the  yield  of  primary  thioethers  is  about  1.5  times  as  great  as  that  of  the  tertiary,  while  in  the 
presence  of  the  etherate  of  boron  trifiuoride  the  yield  of  the  tertiary  thioethers  is  about  3  times  that  of  the  primary. 

2.  From  isoprene  oxide  and  ketones  in  the  presence  of  the  etherate  of  boron  trifiuoride,  the  corresponding 
cyclic  acetals  —  the  dioxalanes  —  are  obtained  with  a  yield  of  40-50^7o. 

LITERATURE  CITED 

1.  A.  A.  Petrov,  Zhur.  Obshch.  Khim.  1^,  485  (10'13). 

2.  A.  N.  Pudovik  and  S.  G.  Denislainova,  Zhur.  Obshch.  Khim.  27,  2363  (1957).*  • 

3.  A.  A.  Petrov,  Zhur.  Obshch.  Kliim,  001  (1958);  A.  N.  Pudovich  and  I.  M.  Aladzheva,  Zhur.  Obshch. 

Khim.  28,  2497  (1958).*  * 

•As  in  the  Russian.  But  the  0.2  mole  presumably  refers  to  the  isoprene  oxide,  and  the  1  mole  to  the  ketone  — 
Translator’s  note. 

•  ‘Original  Russian  pagination.  See  C.  B.  Translation. 


2597 


4.  Rljciiiboldt,  Bcr  1311  (1926);  184  (1927). 

5.  V.  F.  Martynov  and  L.  M.  Romanov,  Zhur.  Obshcli.  Khirn.  Sb.  II,  970  (1953).* 

6.  A.  N.  Pudovik  and  B.  E.  Ivanov,  Doklady  Akad,  Nauk  SSSR,  103,  443  (1955):*  Zhur.  Obshch.  Khim.  26, 

2771  (1956).*  ~ 


•  Original  Russian  pagination.  See  C.  B.  Translation. 


2598 
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The  nature  of  the  Claisen  rearrangement  is  known  to  consist  in  the  isomerization  of  allyl  ethers  of  enols 
and  plienols  into  C-allyl  derivatives  (I)  [1].  A  similar  rearrangement  takes  place  when  substituted  derivatives 
of  iminoallyl  ethers  (II)  are  heated  [2],  or  when  allyl  esters  of  thiocyanic  acid  (III)  arc  heated  [3], 

(Wc— C— 0-C=rC  ->  G=--G—G— 0—0=41  (I) 

G=-G-G-0~G-=N—  ->  G=G-G-N— G=0  (H) 

G=G-G-S-GhiN->  G=G— G-N=C— S  (III) 


If  the  oxygen  atom  in  (I)  is  replaced  by  nitrogen,  the  rearrangement  does  hot  take  place.  If  substituents 
are  present  in  tlie  allyl  group  (alkyl  or  phenyl  groups  being  used)  in  the  a-  or  y -carbon  atom  positions,  the  rear¬ 
rangement  often  takes  place  together  with  inversion  [4]. 

It  seemed  to  us  a  matter  of  interest  to  attempt  to  elucidate  the  possibility  of  the  occurrence  of  the  Claisen 
rearrangement  with  esters  of  thiophosphoric  acid,  in  which  one  of  the  ester  railicals  was  an  unsaturated  radical. 
The  allyl  esters  of  thiophosphoric  acid  contain  an  atomic  grouping  analogous  to  that  of  compound  I,  in  which  the 
double  C  -  C  bond  is  replaced  by  the  linkage  P  =  S  (IV), 

3  1  I  \  I  I  I 

\G=G— G— O— 1»=S >G=G— G-S— P=0  (IV) 

^  I  I  I  II 


It  might  be  expected  that,  when  substituents  arc  present  in  the  a-  or  y -position  in  the  allyl  group,  the  re- 
arranp-i’ment  would  be  accompanied  by  inversion. 


OR' 


OR' 

I 


R— GMrr=Gn~GH2-0-P=S— >  CH.,r=GH-GH— S— P=--0  (V) 

I  I 

R  OR' 


OR' 

OR' 


OR' 

I 


Gn2=GlI-GllR-0-P==S-^  R-G!l=Gll-Gn2-S-P=0  (VI) 

I  I 

OR'  OR' 
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The  isomerization  of  the  esters  of  thiophosphoric  acid  was  discovered  in  1912  [5].  When  the  O.O.O-estcts 
of  thiophosphoric  acid  arc  heated  witli  alkyl  halides,  rearrangement  takes  place  to  given  0,0 ,S-esters  of  ttiiophos- 
phoric  acid. 

O 

II 

(H0)3»'=-S  n'Hal  (no).l’-siv  4-  Ullal 


It  was  subsequently  found  that  similar  isomerization  may  take  place  in  certain  cases  even  in  the  absence 
of  the  alkyl  halide.  Thus  systox  (diethyl-6 -mercaptoethylihiopiiospliate),  and  compounds  of  a  similar  kind,  iso- 
nicrize  on  heating  into  thiol  derivatives  [Gi.  There  exist  data  on  the  thermal  Lsomcrization  of  dialkyl-p-nitro- 
phenyl  esters  of  thiophosphoric  acid,  and  a  number  of  other  compounds  [7]. 

Dimethyl,  diethyl  and  di-n-butyl  esters  of  thiophosphoric  acid  have  been  obtained  in  the  course  of  this  work 
by  the  method  of  Pishchiinuka,  by  the  action  of  the  acid  chlorides  of  the  corresponding  dialkylthiophosphoric  acids 
on  the  alcoholate  of  allyl  alcohol.  The  reaction  was  performed  with  heating  in  benzene  solution.  The  yields  of 
the  thiocsters  were  usually  around  40-457o.  (Sec  numbers  1,  3  and  5  in  the  Table). 

S  S 

II  II 

(no)2t’(:i  4-  Niio-cii.2-cn-^CM2->- (i(0),i’-o-cii,— cii=cn.,4-  Naci 


The  double  bond  in  tliese  compounds  was  determined  quantitatively:  ozonolysis  permitted  of  the  identifica¬ 
tion  of  foimaldchyde  in  the  form  of  its  condensation  product  with  dimedon.  The  infra-red  spectrum  of  dimethyl - 
allyl  thiophospliate  has  been  obtained.  The  absence  of  an  intensive  absorption  band  in  the  region  of  1300-1260 
enr*,  which  is  characteristic  of  the  P  =  O  bond,  points  to  the  absence  of  the  thionyl  grouping  in  the  molecule 

[8). 

The  dialkylallyl  esters  of  thiophosplioric  acid  so  obtained  were  submitted  to  thermal  isomerization.  By 
analogy  with  the  thermal  isomerization  of  thiocyanic  acid  (III),  it  could  be  expected  that  the  unsaturated  esters 
of  thiophosphoric  acid  would  undergo  isomerization  easily  in  comparison  with  esters  containing  alkyl  radicals. 
The  experinients  have  confirmed  this  conclusion.  The  0,0,S-dialkylallylphosphate.s  obtained  by  the  isomeriza¬ 
tion  have  higher  boiling  points,  specific  gravity  and  refractive  index  (sec  numbers  2,  4  and  6  in  the  Table)  than 
the  esters  which  form  their  starting  point. 

S  O 

II  II 

(no)2i’— ocii2-cii=(;ii2-)>  (U0)2i’-s-cn2-CH=cii2 


When  the  acid  chlorides  of  dimethyl-  and  diethylallylphosphoric  acid  were  caused  to  react  with  the  alco¬ 
holate  of  crotyl  alcohol,  the  corresponding  dimethylcrotyl  and  diethylcrotyl  esters  of  thiophosphoric  acid  (num¬ 
bers  7  and  9  in  the  Table)  were  obtaiired.  Tire  ozonolysis  of  substance  9  produced  acetaldehyde.  The  tliermal 
isomerization  of  substances  7  and  9  produced  products  (numbers  8  and  10  respectively)  with  higher  boiling  point 
(a  difference  of  12-13“  was  found),  specific  gravity  and  refractive  index.  The  ozonolysis  of  substances  8  and  10 
produced  formaldehyde  in  both  cases,  this  being  identified  in  the  form  of  its  condensation  product  with  dimedon, 
The  conclusion  to  be  drawn  from  these  results  is  that  the  thermal  isomerization  of  dialkylcrotyl  esters  is  accom¬ 
panied  by  inversion  (as  in  equation  V). 

Somev,^hat  different  results  were  obtained  by  the  interaction  of  the  alcoholate  of  methylvinylcarbiuol  on 
the  acid  chlorides  of  dimethyl  -  and  dicihylthiophosphoric  acids.  Two  products  were  isolated  from  each  of  these 
reactions.  Low-boiling  products,  obtained  in  small  quantity,  contained  a  considerably  lower  percentage  of  phos¬ 
phorus  than  that  calculated  for  O.O-dialkyl-O-cK-mcthylallylthiophospIiatc;  they  had  a  high  specific  gravity: 
bromination,  performed  in  chloroform  solution,  revealed  the  absence  of  a  double  bond  in  these  compounds.  In 
the  infra-red  spectrum  of  the  low-boiling  product  obtained  from  the  interaction  of  the  acid  chloride  of  dicthyl- 
thiophosphoric  acid  with  the  alcoholate  of  methylvinylcarbiuol,  frequencies  characteristic  of  the  double  bond 
were  absent,  while  the  presence  of  an  intense  absorption  band  with  a  maximum  at  1263  cm"*  points  to  the  pre¬ 
sence  of  a  thiol  structure. 
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On  the  basis  of  these  data,  we  have  come  to  the  conclusion  that  the  products  obtained  are  0,0-dimethyl-S- 
methyl-,  and  0,0-diethyl -S-ethylthiophosphates.  The  constants  of  these  products  arc  close  to  the  values  given 
for  the  compounds  named  in  the  literature. 

The  high -boiling  products  obtained  in  the  reaction  under  consideration  for  substances  11  and  12,  boiled 
some  25-30“  higlier  than  the  corresponding  0,0-dialkyl-0-rrotyUhiophosphates.  When  they  arc  heated  for  4  hours 
at  140°,  they  remain  unchanged.  It  is  evident  that  the  isomerization  of  the  0,0-dialkyl-0-a-methylallylthio- 
phosphates  takes  place  in  the  carrying  out  of  the  reaction  itself.  In  the  infra-red  spectra  of  substance  12,  there  is 
an  intense  absorption  band  with  a  maximum  at  12C3  cm"',  which  is  a  further  confirmation  of  the  presence  of  the 
thiol  structure. 

Ozonolysis  of  the  high-boiling  product  obtained  by  the  reaction  of  dirnethylthiophosphoric  acid  chloride  on 
the  alcoiiolate  of  methylvinylcarbinol  yielded  acetaldehyde.  It  follows  that  the  thermal  isomerization  of  0,0- 
dialkyl -O-a-methylallyl  esters  of  tluophosphoric  acid  also  takes  place  with  inversion,  and  that  as  a  result  of  this 
there  are  obtained  0,0-tiialkyl-S-crotyl  esters  of  tluophosphoric  acid  (according  to  equation  VI).  So  as  to  make 
this  opinion  more  conclusive,  the  0,0-diethyl-S-crotyl  ester  of  tluophosphoric  acid  was  synthesized  by  the  method 
given  in  [9],  by  acting  on  the  sodium  salt  of  the  diethyl  ester  of  tluophosphoric  acid  with  crotyl  chloride. 

S  O 

II  II 

(Call50)2l’0Na  -i-  Cir.Il2-Cfl^r,H-C!l3  -  >  (CiUjOlal'-S-CHjClI^CII-CUa 

It  was  shown  that  the  al.kylation  of  the  salts  of  dialkylthiophosplioric  acid  takes  place  with  transfer  of  the 
reaction  center.  Wc  have  shown  earlier  that  the  action  of  primary  chlorides  of  the  allyl  ty{>c  with  the  salts  of 
dialkylphosphoric  acids  takes  place  without  allyl  rearrangement  [10].  The  constants  of  the  product  obtained  by 
this  reaction  (no.  12  in  the  Table),  and  by  means  of  an  alternative  synthesis,  are  completely  in  agreement.  The 
formation  of  small  quantities  of  0,0-dialkyl-S-alkylthiop!iosphates  during  the  reactions  of  the  acid  chlorides  of 
dialkylthiophosplioric  acids  with  the  alcoholate  of  methylvinylcarbinol  may  be  explained  by  the  partial  dispropor¬ 
tionation  of  the  0,0-diaIkyl-S-crotyl  esters  of  thio phosphoric  acid  during  the  reaction. 


CHj 

I 

CH 

RO  0 


CH, 

^CH 

--  S  ^CH 

^^>,1  II 
CH, 

RO  0 


- RO  I 

RO  ^0  RO  ^0 


S-CH2-CH=CH-CHj 


a 
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It  follows  from  the  work  reported  here  that  the  dialkylallyl  esters  of  thiophosphoric  acid,  in  which  methyl- 
substituents  are  present  in  the  allyl  group  in  the  a-  or  y -position,  undergo  rearrangement  with  inversion  on  heat¬ 
ing.  The  results  obtained,  from  our  point  of  view,  may  best  be  explained  if  it  is  supposed  that  the  thermal  iso¬ 
merization  of  the  unsatnrated  esters  of  thiophosphoric  acid  takes  place  through  a  cyclic  mechanism  in  one  act, 
according  to  the  scheme  (a,  b)  above. 


CH, 

. OH¬ 
S''  '^CH 

CH, 

S''  '^CH 

If  ii 

If  :i 

(ROhP.  CH, 

(R0),P.  CH-CH 

It  may  be  supposed,  in  harmony  with  the  ideas  of  Ya.  K.  Syrkin  [II],  that  the  process  of  thermal  isomeriza¬ 
tion  takes  place  through  intermediate  active  sLx-membered  complexes  with  reduced  activation  energy,  the  decom¬ 
position  of  which  leads  to  the  same  products. 
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Unsaturated  0,0-Dialkyl-0-Allyl,  and  0,0-Dlalkyl-S-Allylthiophosphates 
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TABLE  (Continuation) 
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In  certain  publications  devoted  to  explaining  the  mechanism  of  isomerization  of  unsatiirated  sulfoxides  [12] 
and  systox  [G],  it  is  indicated  that  an  ionic  mechanism  is  preferred.  In  the  case  of  unsaturated  esters  of  thiophos- 
plioric  acid,  it  seems  to  us  that  there  is  no  foundation  for  the  postulate  of  an  ionic  mechanism,  since  the  forma¬ 
tion,  during  tlie  isomerization  of  dialkyl -a-metliylallylthiophosphoric  ester  and  dialkyl-y -methylallylthiophosphoric 
ester  of  two  different  isomeric  0,0-dialkyl-S-mcthylallylthiophosphatcs  excludes  the  possibility  that  carbonium 
ions  can  be  formed  as  intermediate  products  during  these  reactions. 

EX  PERIMENTA  L 

Tlic  preparation  of  dialkyl  esters  of  allyl-  and  crotylthiophosphoric  acids.  To  the  alcoholate  of  allyl  or 
crotyl  alcohol,  prepared  from  0.2-0, 5  g-atom  of  metallic  sodium  and  the  corresponding  unsaturated  alcohol  in  150 
ml  of  dry  benzene,  tliere  was  added  in  small  portions  the  calculated  amount  of  the  acid  chloride  of  dimethyl-, 
diethyl-  or  dibutyltliiophosplioric  acid.  The  reaction  took  place  in  all  cases  with  tlie  evolution  of  heat.  The  reac¬ 
tion  mixture  was  heated  at  100°  for  a  period  of  2-3  hours.  After  cooling,  the  sodium  chloride  was  dissolved  in 
water,  and  the  benzene  layer  w'as  separated  from  the  aqueous  layer.  The  aqueous  layer  was  extracted  with  ether. 
The  ethereal  extract  was  combined  with  tlie  benzene  layer,  dried  by  means  of  calcium  chloride,  and  after  the 
distillation  away  of  the  benzene  and  tlie  ether, was  distilled  in  vacuo.  The  characteristics  of  the  materials  ob¬ 
tained  are  shown  in  the  Table  (numbers  1,3, 5, 7,  and  9). 

The  thermal  isomerization  of  the  dialkyl  esters  of  alkyl  -  and  crotylthiophosphoric  acids.  The  esters,  in 
amounts  of  the  order  of  0.1  to  0.2  mole,  were  heated  in  a  sealed  tube  for  a  period  of  3-G  hours  at  120-140°.  The 
pressure  at  the  opening  of  the  tube  was  not  determined.  The  reaction  mixture  w'as  distilled  in  vacuo.  The  charac¬ 
teristics  of  the  isomerized  ethers  are  given  in  the  Table  (substances  2,4 ,G, 8,  and  10). 

Interaction  of  the  acid  chloride  of  dimcthylthiophosphoric  acid  with  the  alcoholate  of  methyl vinylcarbinol. 

To  the  alcoholate  of  methyl  vinylcarbinol,  prepared  from  25  grams  of  mcthylvinylcarbinol  and  5.5  grams  of  sodium 
in  150  ml  benzene,  was  added  in  small  portions  45  grams  of  the  acid  chloride  of  dimethylthiophosphoric  acid.  The 
reaction  mixture  was  treateil  in  the  manner  described  above,  and  distilled  in  a  vacuum.  Alter  a  threefold  rcdistil- 
lation  there  v/as  olitained  5.4  grams  of  0,0,S-trimethyltluophosphoric  ester  (A),  and  23,0  grams  of  0,0-dimethyl- 
S()  -mclliylallyD-thiophospltoric  ester  (substance  11  in  the  Table). 

(A)  b.p.  77-78'  at  2.5  mm  llg;  nD*®  1.4049;'  d/°  1.2128;  MRd  35.55;  calculated  value  35.25;  %  phosphorus 
found  -  19.55;  calculated  =  19.85. 

On  heating  substance  11  in  a  scaled  tube  for  a  period  of  5  hours  at  130°,  it  remained  unchanged.  Ozonolysis 
of  the  substance  produced  acetaldehyde,  which  was  identified  as  its  condensation  product  with  dimedon  (M.p. 
134-130°;  mixed  melting  point  135-130°). 

Interaction  of  the  acid  chloride  of  diethyltliiophosphoric  acid  with  the  alcoliolatc  of  mcthylvinylcarbinol. 

To  tlic  alcoholate  of  mctliylvinylcarbinoi,  prepared  from  25  grams  of  mcthylvinylcarbinol  and  5.5  grams  of  metal¬ 
lic  sodium  in  150  ml  benzene,  tlierc  was  added  in  small  portions  45  grams  of  the  acid  chloride  of  dicthylthiophos- 
phoric  acid.  The  reaction  mixture  was  treated  in  the  manner  described  above,  and  redistilled  in  vacuum. 

After  a  threefold  distillation,  there  were  obtained  11  grams  of  O,0-diethyl-s-othylthiophosphoric  ester  [83(B), 
and  12.5  grams  of  0,0-diethyl-S(-methylallyl)-thiophosphoric  ester  (substance  12  in  tlie  Table). 

(B)  B.p.  100-107°  at  5  mm  llg;  nD*°  1.4587;  do**  1.1228;  ^0  phosphorus  found  15.25;  calculated  15.05. 

Pata  published  in  the  literature:  B.p.  122*  (20  mm  Hg);  do°  1.1245  [5];  B.p.  122,5-123*  (20  mm  Hg);  nD*** 
1.4578;  d/**  1.1007  [83. 

The  infra-red  spectrum  of  product  B  gave  no  evidence  of  absorption  in  the  region  IGGO-IOIO  cm"\  v/hich 
is  charactcristir  for  the  double  bond,  and  tlie  presence  of  an  intense  absorption  band  with  a  maximum  at  1263  ern'^ 
gives  evidence  of  the  presence  of  the  thionyl  structure  in  this  product.  The  same  intense  band  with  an  absorption 
maximum  at  1203  cm'*  is  also  observed  in  the  infra-red  spectrum  of  product  12  (for  which  sec  the  Table). 

The  effect  of  crotyl  chloride  on  the  sodium  derivative  of  the  diethyl  ester  of  thiopliosphoric  acid.  To  a 
benzene  solution  of  sodium  diethyltliiophospliatc,  obtained  from  108  grams  of  dicthylpliosphoric  acid,  18,4  grams 
of  sodium  and  25.0  grams  of  sulfur,  was  added  80  grams  of  crotyl  chloride.  The  reaction  mixture  was  heated  at 
80*  for  a  period  of  5  hours.  After  cooling,  the  precipitate  of  sodium  chloride  was  filtered  off,  and  the  filtrate  dis¬ 
tilled  in  vacuo.  After  several  redistillatioiis  there  was  obtained  49  grams  of  0,0-dimethyl-S(y-methylaIlyl)-thio- 
phosphoric  ester. 
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B.p.  125’  at  5  nun  Hg;  nD*®  1.4782;  1.0890;  phosphorus  found  =  13.90;  calculated  13.84. 

The  infra-ted  spectra  of  the  products  was  determined  by  means  of  the  double-ray  spectrophotometer  IKS-14, 
with  resolution  for  wave-mimbers  in  the  range  600-1G00  cm"^  using  a  sodium  chloride  prism,  and  in  the  range 
1600-3200  cm“^  using  a  lithium  chloride  prism. 


SU  MMA  RY 

1.  A  series  of  dialkyl  esters  of  allyl-  and  erotylihiophosphoric  acids  has  been  synthesized. 

2.  U  lias  been  shown  that  the  0,0-<!ialkyl  esters  of  0-allyl-,  0-(  «-methylallyl)-  and  0-(  y -methylallyl)- 
tliiophosplioric  acid  undergo  the  (riaisen  rearrangement  on  heating,  with  tlie  production  of  the  corresponding  0,0,S- 
thiophosphoric  esters.  The  rearrangement  of  0,0-dialkyl-0-(  a-methylallyl)-  and  0,0-dialkyl-0-(  y -methylallyl)- 
thiophosphoric  esters  takes  place  with  inversion. 
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Kazan  State  University 

Translated  from  Zhurnal  Obslichei  Khimii,  Vol.  30.  No,  8, 

pp.  2(324*2630,  August,  1960 

Original  article  submitted  July  6,  1959 

Investigations  carried  out  in  recent  years  have  shown  that  deviations  occur  from  the  usual  course  of  the  Arbuzov 
rearrangement  in  tlic  case  of  tin  [1],  silicon  [2],  and  phosphorus  halides  [3].  Instead  of  compounds  in  which  the  phos¬ 
phorus  is  directly  linked  to  the  clement  in  question,  phosphinic  esters  are  obtained,  in  which  the  phosphorus  is  con¬ 
nected  with  the  element  through  an  oxygen  atom.  It  is  supposed  that,  in  these  reactions,  a  preliminary  rearrange¬ 
ment  of  the  pliosphites  into  phosphinic  esters  takes  place,  these  latter  then  reacting  with  the  halides  of  tin,  silicon 
and  phosphorus  (I  to  III  below). 
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It  seemed  to  us  that  it  would  be  very  interesting  to  elucidate  the  possibility  of  similar  reactions  occurring, 
using  halogen-containing  organic  compounds  in  which  the  halogen-carbon  bond  occurs.  A  study  of  such  reactions 
seems  to  be  of  importance  also,  in  view  of  the  possibility  of  explaining  the  formation  of  certain  secondary  products 
which  sometimes  arise  during  the  carrying  out  of  the  Arbuzov  rearrangement. 

We  commenced  the  investigation  of  this  type  of  reaction  by  using  alkyl  halides.  When  the  diethyl  ester  of 
ethyl  phosphinic  acid  is  heated  v;ith  butyl  iodide  at  160-166*,  the  evolution  of  ethyl  iodide  contrnenccd.  The 
reaction  continued  at  this  temperature  for  a  period  of  20  hours.  The  amount  of  ethyl  iodide  produced  was  about 
SS'lio  of  the  theoretical  quantity.  When  butyl  bromide  was  used  instead  of  the  iodide,  the  evolution  of  ethyl  broniide 
at  no-ns*  was,  during  the  same  period,  about  627o  of  the  theoretical  quantity.  Distillation  of  the  reaction  mix¬ 
ture  in  both  cases  led  to  the  separation  of  ethylbutyl  and  dibutyl  esters  of  ethylphosphinic  acid.  When  butyl  chloride 
was  used,  prolonged  heating  of  tlie  reaction  mixture  to  190*  caused  no  observable  production  of  ethyl  chloride. 


(I) 

(III) 

(II) 
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Similar  results  were  obtained  when  the  reactions  were  carried  out  using  hexyl  iodide,  bromide  and  chloride.  These  | 
reactions  were  performed  by  heating  the  reaction  mixtures  in  tubes  for  10  hours  at  a  temperature  of  200-210*.  The 
results  obtained  arc  shown  in  Table  1. 

It  follows  from  these  results  that  the  alkyl  halides  may  be  placed  in  the  order  RI  >  RCr>  RCl,  according  to 
the  reduction  in  reactivity  for  reactions  with  esters  of  alkylphosphinic  acid. 


TABLE  1 


Alkyl  halide 

1  Yield  (in  7o) 

eihylhexyl  ester 
of  ethylphosphinic 

.acid....  . . 

dihexyl  ester  of 
ethylphosphinic 
Jicld  ....  _ _ 

Hexyl  chloride . 

9 

0 

Mexyl  bromide . 

33 

16 

Hexyl  iodide . 

33 

36 

TABLE  2 

Alkylh.cxyl  Esters  of  Ethylphosphinic  Acid 
O 

/./OR 
Call, -I*/ 


Significancf 
of  R  in  the 
furmiila 

Roiling  point 
(pressure  in 
mm  Hg) 

rf.’® 

.UUp 

Phosphorus  content 

found 

calcu¬ 

lated 

found 
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In  order  to  explain  the  effect  on  the  rate  of  the  reaction  of  the  nature  of  the  radicals  participating  in  the 
ester  group  of  the  phosphinic  ester,  reactions  were  carried  out  with  dimethyl ,  di-n-propyl  and  di-n-butyl  esters 
of  ethylphosphinic  acid,  on  the  one  hand,  and  hexyl  bromide  on  the  other.  It  has  been  shov.n  that,  the  greater  the 
molecular  weight  of  the  ester  radical,  the  higher  is  the  temperature  necessary  for  the  commencement  of  the  reac¬ 
tion  (from  170*  for  dimethyl  ester  to  220*  for  the  dibutyl  ester),  and  the  lower  the  yield  in  which  the  products  (the 
alkylliexyl  and  dihexyl  esters  of  ethylphosphinic  acid)  are  obtained.  Wlieii  the  total  yield  of  the  reaction  is  reduccd| 
from  00-CI5'7<’  in  the  case  of  the  dimethyl  ester  to  60-65*70  for  the  dibutyl  ester,  the  yield  of  the  alkylliexyl  ester  was 
in  all  the  reactions  approximately  twice  that  of  the  dihexyl  ester.  The  constants  for  the  products  obtained  are 
given  ill  Table  2. 

Reactions  have  also  been  carried  out  between  the  esters  of  alkylphosphinic  acids  and  methylene  iodide. 

These  take  place  at  180-190*.  It  would  be  expected  that  the  reactions  could  take  place  In  three  ways: 
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TABLE  3 

Meihyleiie-di-(alkoxyalkylphosphinic  esters) 
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As  a  result  of  carrying  out  the  reactions  using  the  ethyl  ester  of  nrethylpliosphinic  acid,  and  the  ethyl  and 
n-propyl  esters  of  ethyl phosphinic  acid,  there  v/as  in  each  case  obtained  only  a  single  product,  which  contained 
no  halogen.  It  follows  that  the  reaction  takes  place  according  to  scheme  (C).  The  characteristics  of  tlie  products 
obtained  are  given  in  Table  3. 

The  nature  of  all  ilie  reactions  carried  out  is,  as  can  be  seen,  limited  to  the  exchange  of  one  or  two  radicals 
of  tlic  ester  groups  of  the  alkylphospliinic  ester  for  new  radicals  which  are  supplied  by  the  alkyl  iodides.  These 
reactions  may  be  considered  as  trans-alkylations.  They  lead  to  the  same  result  as  the  trans-esterification  reac¬ 
tions  of  esters  of  alkylphospliinic  acid,  carried  out  in  the  presence  of  alcohols. 

The  realm  of  trans-alkylation  reactions  has  been  further  extended  by  us  to  esters  of  a-halogen-substituted 
carboxylic  acids,  and  the  halide  anhydrides  of  carboxylic  acids.  The  reactions  of  esters  of  alkylphosphinic  acids 
with  ethyl  bromacetatc  takes  place  very  smoothly,  and  the  mono-  and  dicarboxyethylmethyl  esters  of  the  alkyl¬ 
phosphinic  acids  arc  obtained  in  a  total  yield  of  BO-BSfo.  The  reaction  is  carried  out  by  heating  to  a  tempera¬ 
ture  of  150-no’  for  20  hours.  The  characteristics  of  the  products  obtained  are  shown  in  Table  4. 

If  the  starting  materials  are  present  in  equimolecular  proportions,  there  is  in  all  cases  produced  only  about 
one  half  the  amount  of  dicarboxyethylmethyl  esters,  compared  with  that  of  monocarboxyelhylmcthyl  esters.  It 
must  also  be  noted  that  the  temperature  threshold  for  the  commencement  of  the  reaction  diminishes  gradually 
from  IGO*  to  120*  in  passing  from  esters  of  butylphosphinic  acid  to  tliosc  of  methylphosphinic  acid. 

During  prolonged  heating  of  the  diethyl  ester  of  ethylphosphinic  acid  with  the  ethyl  esters  of  a-bromopro- 
pionic  acid  and  a-bromisobutyric  acid,  and  also  with  various  a-halogcn  esters,  it  appears  that  partial  decomposi¬ 
tion  of  these  esters  takes  place,  accompanied  by  the  formation  of  low-boiling  products  and  an  appreciable  quantity 
of  resin.  We  have  not  succeeded  in  separating  the  individual  products  in  the  case  of  these  reactions.  It  would  be 
expected  that,  as  a  result  of  the  reactions  of  the  esters  of  alkylphosphinic  acids  with  the  acid  halides  of  acetic 
and  benzoic  acids,  the  mono-  and  dianhydrides  of  phosphinic  and  carboxylic  acids  would  be  produced.  During 
these  reactions  alkyl  halides  are  also  formed.  However,  the  products  expected  arc  not  in  fact  obtained.  In  all 
cases  the  products  formed  were  the  acid  anhydrides  (of  acetic  or  benzoic  acid),  and  esters  of  pyrophosphinic  acid. 
When  the  experiments  were  carried  out  under  uniform  conditions  (at  a  temperature  of  130-140*  for  8  hours)  it 
was  found  that  acetyl  bromide  produced  a  considerably  greater  yield  of  the  pyropliospliinic  ester  tlian  did  acetyl 
chloride.  The  reactions  evidently  proceed  according  to  tlie  scheme: 
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TABLE  4 

Alkylcarboxyethylmethyl  and  Dicarboxyethylmethyl  Esters  of  Alkylphosphinic  acids 
O  OR' 


TABLE  5 


DIalkyl  Ester  of  DIalkylpyrophosphInIc  Acid* 
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•According  to  data  in  [5],  compound  1  has  B.p.  of  70*  at  a  pressure  of  7*  10"^  mm,  and 
nD*®  1.4302. 
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The  anhydrides  of  carboxylic  and  alkylphospliinic  acids  produced  as  intermediate  products  undergo  dispro¬ 
portionation  with  the  formation  of  esters  of  pyrophosphinic  acid.  The  characteristics  of  the  products  obtained  are 
given  in  Tabic  5. 


The  anhydrides  of  pyrophosphinic  acid,  according  to  data  in  the  patent  literature,  are  also  formed  through  the 
interaction  of  esters  of  alkyl j)iiosphinic  acids  with  thionyl  chloride,  phosphorus  oxychloride  and  phosphorus  trichlo¬ 
ride  [4],  Certain  esters  of  dialkylpyrophospliinic  acid  have  been  obtained  earlier  by  the  decomposition  in  water 
of  the  acid  chlorides  of  alkylalkoxyphosphinic  acid  [5]. 


The  results  obtained  by  us  present  a  clearer  picture  of  the  reaction  between  the  acid  chlorides  of  carboxylic 
acids  and  the  fully  esterified  phosphorous  acid.  Kabachnik  and  Rossiiskaya  [6],  in  a  study  of  this  reaction,  have 
shown  that  the  yield  of  ketophosphinic  esters  does  not  usually  exceed  607‘-’,  and  in  certain  individual  cases,  such 
as  the  reaction  between  triethylphosphite  and  acetyl  chloride,  only  amounts  to  about  127o.  In  this  case  there  is 
observed  the  formation  of  considerable  quantities  of  higlr-boiling  residues  which  were  not  examined  more  closely. 
When  the  reaction  between  tricthyl  phosphite  and  acetyl  chloride  was  repeated,  there  was  formed,  in  addition  to 
the  diethyl  ester  of  acctophosphinic  acid,  the  anhydride  of  pyrophosphinic  acid  in  a  yield  of  around  257c.  It  fol¬ 
lows  that  the  reaction  In  this  case  may  take  two  paths: 
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F'rorn  tlie  rcstilts  which  we  have  obtained  ui  the  current  work,  it  follows  that,  in  carrying  out  the  Arbuzov  re- 
arraiigeiTient,  it  is  necessary  to  take  into  account  the  possibility  that  it  nray  follow  an  anomalous  course  {with  a 
jKcliminary  isomerization  of  tlie  phosphites  into  esters  of  the  alkylphosphinic  acids),  not  only  in  the  case  of  com¬ 
pounds  v/ith  a  halogcn-Sn  or  halogcn-P  bond,  but  also  for  those  compounds  containing  the  halogen-C  bond.  The 
latter  reaction  may  occur  not  only  with  acid  halides,  but  also  with  alkyl  halides  and  more  complex  halogen-con¬ 
taining  organic  compounds,  if  the  reactions  are  carried  out  at  elevated  tempcratuies  and  in  the  presence  of  excess 
of  tliese  compounds.  It  is  still  not  fully  clear  wliy,  when  the  Arbuzov  reaction  is  carried  out,  there  occurs  in  some 
cases  a  preliminary  complete  and  facile  Isomerization  of  the  phosphite  esters  into  phosphinic  esters,  while  in  other 
cases  the  same  rearrangement  is  either  quite  absent,  or  takes  place  only  to  a  limited  degree.  The  most  probable 
mechanism  for  the  reaction  hetween  the  esters  of  alkylphosphinic  acids  and  various  halide  derivatives,  from  our 
point  of  view,  is  a  cyclic  mcclianism,  which  assumes  the  formation  of  intermediate,  unstable,  6-membcred  com- 
fdexes: 
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EX  PEIUMENTAL 

General  Method  for  Carrying  out  the  Reactions.  To  0,12-0.20  mole  of  the  dialkyl  ester  of  the  alkylphosphinic 
acid,  contained  in  a  three-necked  flask  provided  with  a  fractionating  column  with  a  descending  condenser,  a 
tlicrmomctcr,  and  a  dropping  funnel,  the  equivalent  quantity  of  the  alkyl  halide  was  slowly  added. 

The  flask  was  heated  on  a  water  bath.  When  the  reaction  mixture  attained  a  definite  temperature,  the  distillation 
commenced  slowly  of  the  alkyl  halide  liberated  by  the  reaction.  The  course  of  the  reaction  was  followed  by  weigh¬ 
ing  the  separated  alkyl  halide  and  the  reaction  flask.  The  heating  was  usually  continued  for  a  period  of  20-25 
hours,  after  which  the  reaction  mixture  was  distilled  in  vacuum,  initially  from  the  Arbuzov  flask,  and  subsequently 
from  a  flask  provided  with  a  Vidmer  or  "herringbone"  column.  In  certain  cases  the  reaction  was  carried  out  in 
sealed  lubes. 

The  Reaction  Petween  Acetyl  Bromide  and  the  Ethyl  Ester  of  Ethylphosphinic  Acid.  The  reaction  was  per¬ 
formed  in  the  way  described  above,  using  30  grams  of  the  ester  and  22.5  grams  of  acetyl  bromide.  When  the  tem¬ 
perature  of  the  reaction  mixture  reached  130-135*  the  distillation  of  ethyl  bromide  commenced.  During  8  hours, 
from  this,  17.2  grams  of  etiiyl  broniide  were  collected.  Distillation  of  the  reaction  mixture  gave  3.5  grams  of 
acetic  anhydride  (B.p.  138-139’;  nD^*’  1.3913;  d/®  O.SOl  ),  and  13.4  grams  of  the  diethyl  ester  of  diethylpyrophos- 
phinic  acid  (sec  Table  5,  substance  1). 

When  the  reaction  with  acetyl  chloride  was  carried  out  in  a  similar  fashion,  4.6  grams  of  acetic  anhydride 
and  8.4  grams  of  the  diethyl  ester  of  dietliylpyro phosphinic  acid  were  obtained. 

The  Reaction  Between  Benzoyl  Chloride  and  the  Ethyl  Ester  of  Etl^lphosphinic  Acid.  The  reaction  was  per- 
formo.d  using  30  grams  of  the  ester  and  25.4  grains  of  benzoyl  chloride.  The  distillation  of  ethyl  chloride  commence 
at  145*.  The  lempcraiure  of  the  reaction  mixture  was  subsequently  raised  to  170*.  The  reaction  was  carried  on 
for  a  period  of  10  hours.  There  were  collected  12,3  yams  of  benzoic  anhydride,  whose  B.p.  was  1G2.5-1G3*  at 
3.5  mm  Hg,  and  whose  M.p.  was  39-40*  (while  a  mixed  melting  point  with  an  autlientic  sample  gave  no  depres¬ 
sion  of  M.p.);  and  12.6  grams  of  the  diethyl  ester  of  dicthylpyrophosphinic  acid. 

SU  MMA  RY 

1.  It  has  been  shown  that,  on  heating  the  esters  of  alkylphosphinic  acids  with  alkyl  halides,  in  which  the 
radical  is  larger  than  that  in  the  ester  groups,  a  trans-alkylation  reaction  takes  place.  Alkyl  iodides  react  more 
easily  than  the  corresponding  alkyl  bromides,  and  these  in  turn  more  easily  than  the  alkyl  chlorides.  The  heavier 
the  radical  in  the  ester  groups  of  the  alkylphosphinic  acids,  the  more  slowly  does  the  trans-alkylation  process 
take  place. 

2.  The  esters  of  alkylphosphinic  acids,  when  caused  to  react  with  methylene  iodide,  form  esters  of  mcthylcne- 
di-(al!<oxyalkylphosphLnic  acid);  while  when  they  react  with  the  ethyl  ester  of  bromacetic  acid  they  produced  alkyl- 
carboxycthylmcthyl  and  dicarbo\yeihylmethyl  esters  of  alkylphosphinic  acids. 
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3.  The  result  of  tlie  action  between  esters  of  alkylphosphinic  acids  and  acid  halides  is  the  formation  of  dialkyl 
esters  of  dialkylpliosphinic  acid. 

4.  A  suggestion  is  made  as  to  the  mechanism  of  the  reactions  which  have  been  studied,  and  attention  has  been 
called  to  tlie  necessity  of  taking  account  of  them  in  carrying  out  the  Arbuzov  transformation. 
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The  quaternary  salts  of  phenazine  and  its  various  substituted  derivatives,  which  are  valuable  intermediate 
products  in  the  synthesis  of  physiologically  active  preparations,  azo  dyes,  analytical  reagents  and  the  like,  are 
prepared  by  lieating  the  corresponding  bases  of  the  phenazine  scries  with  dialkyl  sulfates,  esters  of  nitrobenzene 
sulfonic  acids,  or  esters  of  n-toliicne  sulfonic  acid.  Unsubstituted  phenazine,  because  of  the  uniform  distribution 
of  electronic  densities  between  both  nitrogen  atoms  gives  only  one  quaternary  salt.  Diquaternary  salts  of  phena¬ 
zine  arc  unknown,  and  can  scarcely  exist. 

In  substituted  derivatives  of  phenazine,  the  electron  densities  of  the  two  nitrogen  atoms  cease  to  be  equiva¬ 
lent  under  the  influence  of  electron  acceptor  or  electron  donor  substituents.  If  such  a  molecule  is  involved  in  salt 
formation,  orientational  factors  begin  to  act  which  modify  any  exclusive  or  preponderant  direction  of  the  reaction. 
In  such  a  case,  it  is  possible  to  form  two  isomeric  quaternary  salts,  (A)  and  (B). 


Oil, 


CII3SO; 


+  (Cil3)2S04 


\  (A) 

I 

Clla  GIF, so; 

(B) 


In  the  above  reaction,  the  positive  methyl  ion  is  an  electron  acceptor,  and  the  action  of  the  alkylizing  agent 
is  directed  principally  toward  the  nitrogen  atom  in  the  unsymmctrically  substituted  phenazine  molecule  which  has 
the  greatest  electron  density.  What  is  formed  is  practically  always  a  mixture  of  two  isomeric  salts,  the  relative 
yield  of  which  has  so  far  been  an  unsolved  problem. 

The  present  paper  describes  methods  and  results  of  a  study  of  v/hich  of  the  two  nitrogen  atoms  in  the  phenazine 
ring,  9  or  10,  is  involved  to  what  extent  in  the  salt  formation  reaction  in  the  presence  of  different  substituents. 

For  this  purpose,  studies  were  made  of  the  spectra  of  bases,  quaternary,  mono-  and  diacid  salts.  To  identify  the 
monoacid  salts,  which  were  obtained  by  dissolving  the  corresponding  bases  in  acid,  their  spectra  were  coniparcd 
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Fig.  1.  1)  Phcnazine,  2)  perchlorate  of  S-nicthylphenaziiie, 
3)  2-n)cthoxyphenazine  (in  alcohol). 


with  the  spectra  of  similar  standard  quaternary  salts  dissolved  in  alcohol.  The  diacid  salts  were  identified  from 
the  spectra  of  quaternary  salts  dissolved  in  concentrated  sulfuric  acid,  in  which  the  protonated  quaternary  salt 
served  as  tlie  prototype  of  a  diquaternary  salt. 


II 


In  some  cases,  binary  mixtures  of  quaternary  salts  were  investigated,  and  the  amount  of  each  component  present 
was  determined  by  Firordt*s  method  [1].  rrocceding  by  the  method  described  previously,  standard  samples  of  the 
isomeric  quaternary  salts  [2]  under  investigation  were  prepared,  along  with  artificial  mixtures  having  known  con¬ 
centrations  of  each  salt,  and  finally,  mixtures  of  unknown  composition,  obtained  by  interaction  of  the  base  with 
dimethyl  sulfate.  The  natural  mixtures  were  treated  by  a  standard  method:  after  completion  of  the  salt  formation 
reaction,  all  the  contaminants  (base,  nitrobenzene,  and  dimethyl  sulfate)  were  washed  out  with  benzene  and  ether. 
The  residue  of  pure  quaternary  salt  was  not  allov;ed  to  crystallize,  in  order  to  avoid  partial  or  complete  loss  of 
one  of  the  isomers.  The  resulting  binary  mixture  of  quaternary  salts  was  investigated  as  described  previously  [3]. 

I’henazine.  By  allowing  phenazine  to  react  v/ith  dimethylsulfate  in  nitrobenzene,  it  is  easy  to  get  a  good 
yield  of  the  incthylsulfate  of  N-methylphenazine,  v.’hich  is  a  compound  that  differs  sharply  in  its  physical-chemical 
properties  from  the  original  base.  The  latter  is  not  soluble  in  water,  but  is  readily  soluble  in  benzene  and  toluene; 
the  quaternary  salt  of  phenazine,  on  the  other  hand,  is  very  readily  soluble  in  water,  but  insoluble  in  benzene 
and  toluene.  The  phenazine  and  its  quaternary  salt  have  a  different  affinity  toward  nucleophilic  substitution  reac¬ 
tions.  Phenazine  is  completely  inert  toward  this  type  of  reaction,  while  its  quaternary  salt  reacts  readily  with 
nucleophilic  agents.  Because  of  this  property,  the  quaternary  salts  of  phenazine  and  its  substituents  find  wide  ap¬ 
plication  in  various  fields  of  synthetic  and  pharmaceutical  chemistry  [4]. 

There  arc  considerable  differences  between  the  absorption  spectra  of  phenazine  and  its  quaternary  salt.  The 
phenazine  bands  at  249  and  3G2  are  displaced  toward  the  long  wave  length  end  in  the  quaternary  salt;  further. 
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in  the  quaternary  salt,  a  new  banJ  appears  at  the  edge  of  the 
visible  region.  Solutions  of  salts  of  phenazine  and  Us  deri¬ 
vatives  are  more  deeply  colored  than  solutions  of  the  bases 
from  which  they  are  derived,  Phenazinc  Is  a  weak  base:  its 
pK^  =  1.23  [5].  The  quaternary  salts  of  phenazine  are  quite 
stable  compounds  and  do  not  hydrolyze  in  aqueous  solution. 

In  solutions  of  different  acid  concentrations,  phenazine 
forms  mono-  and  diacid  salts,  characterized  by  individual 
absorption  bands  in  the  ultraviolet  region.  Conseqtiently, 
tire  transfoiination  of  phenazine  into  the  salt  (Pig.  1,  Curve  1) 
can  be  followed  from  the  change  in  the  absorption  spcctnim. 
In  5'7o  sulfuric  acid,  diluted  with  alcohol,  a  part  of  the  mole¬ 
cules  of  the  base  is  protonated  by  the  acid,  and  goes  over 
into  the  monoacid  salt.  In  the  spectrum,  this  corresponds 
with  the  appearance  of  a  hump  at  380  mp  (Fig.  2,  Curve  2). 
Increasing  the  acid  concentration  increases  the  concentra¬ 
tion  of  the  mono-salt  in  the  solution,  while  the  concentra¬ 
tion  of  the  free  base  decreases.  Correspondingly,  the  mole¬ 
cular  extinction  of  the  mono-salt  band  increases,  and  in  257o 
acid  it  reaches  its  limit  at  E  =  25,000.  The  quaternary  salt 
of  phenazine  has  the  same  molecular  extinction  in  a  solution 
of  the  same  concentration  (Fig.  2,  Curves  3  and  6).  This 
shows  that  in  25‘7o  acid  all  the  base  is  converted  into  the 
mono-salt.  If  the  acid  concentration  is  raised  to  75'7<»,  the 
protons  from  the  acid  unite  with  the  second  center  of  the 
base,  namely  the  nitrogen  atom  10,  forming  the  diacid 
salt.  A  new  band  arises  in  the  spectrum  between  405  and 
415  m/i.  ft  belongs  to  the  diacid  salt  of  phenazine.  In  90'7oacid,  the  phenazinc  molecules  occur  predominantly 
in  the  form  of  the  di-salt.  However,  as  can  be  seen  from  the  presence  of  the  mono-salt  band  in  enrve  4,  there 
is  a  certain  amount  of  the  monoacid  salt  in  solution.  In  OO'Tj  acid,  the  protonation  of  both  centers  of  basicity  in 
the  phenazine  molecule  is  completed  (Fig.  2,  Curve  5).  The  absorption  maximum  of  the  diacid  phenazine  salt 
lies  at  413  m/i.  The  absorption  curve  of  the  diacid  phenazine  salt  is  similar  to  the  absorption  curve  of  the  qua¬ 
ternary  salt  in  967o  sulfuric  acid  (Fig.  2,  Curve  7)  the  band  maximum  of  which  lies  at  417  mp ,  E  =  28,400.  By 
careful  dilution  of  tlie  acid  solution  of  the  phenazine  salt  with  alcohol,  it  is  possible  to  bring  about  alcoholysis, 
which  can  be  followed  from  the  changes  in  the  absorption  spectra,  which  occur  in  reverse  order  from  salt  torma- 
tion. 

Various  3 -substituted  forms  will  now  be  discussed,  in  which  the  orientational  action  of  the  substituents  is 
determined  exclusively  by  the  electron  forces  transmitted  through  the  phenazine  ring  to  the  nitrogen  atoms  9  and 
10. 


Fig.  2.  1)  Phenazinc  in  alcohol,  2)  in  f>'1o  112804, 
3)  in  257-’  IhSO,;.  4)  in  907°  Hz^Qi,  5)  in  9()7o 
H2SO4,  fi)  perchlorate  of  9-methylphcnazine  in 
alcohol,  7)  in  967o  H28O4.  (c  =  S-IO'®  M.) 


2 -Methoxy phenazine.  In  the  absorption  curve  of  2-mcthoxyphenazinc,  three  absorption  bands  are  dLstinguish- 
able  with  maxima  at  256,  358,  and  391  mp  and  E  =  74,400,  9,600,  and  8,000  respectively  (Fig.  1,  Curve  3).  By 
heating  2-methoxyphenazine  with  dimethyl  sulfate  in  ifitrobenzene,  it  is  easy  to  obtain  a  good  yield  of  a  mixture 
of  the  two  quaternary  salts,  the  methyl  sulfates  of  2-metlioxy-9-methylphenazine  (A),  and  2-methoxy-lO-methyl- 
phenazine  (B). 

The  relative  yield  of  the  isomers  in  the  mixture  was  determined  by  the  spectrophotometric  method.  The 
necessary  standard  quaternary  salts  were  obtained  from  the  9-  and  lO-oxides  of  2-mcthoxyphenazine  (2). 

Figure  3  shows  large  scale  segments  of  the  abserption  curves  of  2- 10"'*  M  alcoholic  solutions  of  the  fol¬ 
lowing  substances:  the  perchlorate  of  2-mcthoxy-10-inethylphcn3zine  (Curve  1),  the  perchlorate  of  2-mcthoxy- 
9-mcthylphenazine  (Curve  2),  a  1 : 1  mixture  of  the  two  (Curve  3),  the  natural  mixture,  obtained  by  the  action 
of  dimethylsulfate  on  2-methoxyphen3zine  in  nitrobenzene  (Curve  4).  In  what  follows,  the  curves  of  the  natural 
mixtures  are  not  given  in  the  graphs,  as  there  is  no  need,  for  calculational  purposes,  to  make  spcctrophotograms 
of  the  solution  at  all  wavelengths.  For  this  purpose,  it  is  sufficient  to  verify  whether  or  not  all  three  absorption 
curves  cross  at  the  isobestic  points,  and  then  carry  out  the  calculation  of  optical  density  from  the  pair  of  points 
found  previously. 
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To  calculate  the  mixtures  of  quaternary  salts  of  2-mcthoxyphenazinc,  the  optical  densities  at  wavelengLhs 
440  and  510  m/i  were  used.  At  these  points,  the  artificial  1 : 1  mixture  of  the  two  quaternary  salts  was  found  to 
contain  50. 47^  of  one  isomer,  and  49.670  of  the  other.  The  data  of  the  measurements  and  calculations  of  the  na¬ 
tural  mixtures  of  quaternary  salts,  obtained  by  heating  2-methoxyplienazine  with  dimethyl  sulfate,  show  that  857o 
of  the  methyl  sulfate  of  2-mcthoxy-9-mcthyl-phenazine  is  formed,  and  157o  of  the  other  isomer,  2-methoxy-lO- 
methyl-phcnazine.*  This  is  easily  explained  in  the  following  way.  In  2-methoxyphenazine,  the  nitrogen  atom  9 
Is  in  direct  conjugation  with  the  OCH3-group,  v/hich  sends  a  free  pair  of  electrons  from  the  oxygen  atom  to  it 
through  the  conjugation  chain. 

CHj 


Thus,  the  electron  density  equilibriuni  between  nitrogen  atoms  9  and  10  is  shifted  in  favor  of  number  9. 

In  acid,  2-methoxyphenazinc  forms  mono-  and  dlacid  salts.  The  monoacid  salt  shows  an  absorption  band 
in  the  same  region  where  tlie  absorption  of  the  two  isomeric  quaternary  salts  of  2-methoxyphenazine  occurs,  but 
in  the  latter  case,  the  maxima  are  shifted  a  little  toward  the  long  wavelength  end.  The  protonation  of  2-methoxy¬ 
phenazine  begins  in  very  dilute  acid.  Even  in  0.57o  acid,  a  certain  number  of  the  2-mcthoxyphcnazine  molecules 
is  converted  into  the  monoacid  salt,  ifie  absorption  maximum  of  v/hich  lies  at  385  mp.  Then  with  increasing  acid 
concentration,  the  quantity  of  the  salt  increases  correspondingly,  and  along  with  it  the  molar  extinction  of  the 
monoacid  salt  band  (big.  4,  Curves  2  and  3).  In  lOT^  acid,  the  formation  of  monoacid  salt  is  completed,  with  an 
absorption  maximum  at  385  mp,  E  =  17,200.  Judging  from  the  fact  that  the  band  from  the  monoacid  salt  of  2- 
methoxyphcnazinc  (Curve  3)  lies  closer  to  the  band  from  the  salt  of  2-mcthoxy-9-mcthylphenazine  (Curve  6)  and 
is  less  in  coincidence  with  tlic  band  from  the  salt  of  2-methoxy-lO-methylphenazine  (Curve  5),  the  conclusion  is 
reached  that  of  the  two  centers  of  basicity  in  the  2-mcthoxyphenazine  molecule,  the  nitrogen  atom  9  is  protonated 
first,  and  afterwards  the  protons  unite  with  nitrogen  atom  10.  The  diacid  salt,  formed  in  967®  acid,  (Curve  4)  is 
characterized  by  a  large  absorption  band  v;ith  tv;o  maxima  at  420  and  440  mp ,  with  E  =  13,000  and  14,200  respec¬ 
tively.  That  this  band  corresponds  with  the  di-salt  is  clear  from  its  similarity  to  the  absorption  band  of  the  mctliyl 
sulfate  of  2-met!ioxy-9-mcthylphenazinc  in  concentrated  sulfuric  acid  (Curve  7).  In  the  latter  case,  a  proton  unites 
with  tlic  second  free  nitrogen  atom,  10,  and  forms  a  di-salt. 
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•  Mean  of  four  parallel  experiments. 
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Fig.  3.  Segments  of  absorption  curves  in  alcohol  so¬ 
lution  (c  =  2*  10*^  M.)  1)  Perchlorate  of  2-methoxy- 
10-incthylphenazine,  2)  perchlorate  of  2-methoxy-9- 
methylphenazine,  3)  artificial  1 : 1  mixture,  4)  natural 
mixture,  obtained  from  the  reaction  of  dimethyl  sulfate 
on  2-inethoxyphcnazine  Innitrobenzene. 

Comparing  the  spectra  of  2-methoxyphcn3zine  and  unsubstituied  phenazine  in  acid  of  given  concentration 
(for  example  2.5%),  it  is  seen  that  phenazine  does  not  form  a  salt  in  acid  solution  of  this  concentration,  while 
more  than  half  of  the  molecules  of  the  2-meihoxyphenazine  base  go  over  into  salt,  i.e.,  2-mcthoxyphenazine  is 
a  stronger  base  than  unsubstituted  phenazine. 

2.  Chlorphenazine.  The  absorption  curve  of  2-chlorphenazine  coincides  almost  completely  with  the  curve 
of  unsubstituted  phenazine.  2-Chlorph.enazine  forms  two  isomeric  quaternary  salts  with  dimethyl  sulfate.  Their 
relative  concentration  in  the  mixture  was  determined  by  the  method  described  above.  The  optical  densities  at 
wavelengths  350  and  3T5  mp  v,ere  used  for  calculation.  At  these  wavelengths,  an  artificial  50%  mixture  was 
found  to  contain  51.57o  of  one  isomer,  and  48.5%  of  the  other.  The  data  from  the  measurements  and  calculations 
of  natural  mixtures  of  the  quaternary  salts  of  2-chlorphcnazinc  forms  56%  of  the  2-chlor-9-methylphenazine  salt, 
and  44%  of  the  2-chlor-lO-methylphenazine  salt.  (These  values  are  the  mean  of  six  parallel  experiments).  The 
difference  in  the  rate  of  formation  of  the  isomeric  quaternary  salts  of  2-chlorphcnazine  can  be  explained  by  the 
properties  of  the  chlorine  atom  as  a  substituent  in  an  aromatic  nucleus.  By  its  I-effect,  it  repulses  electrons  from 
both  nitrogen  atoms  (salt  formation  in  2-chlorphcnazinc  is  considerably  more  difficult  than  in  unsubstituted  phena- 
zinc):  however,  it  repulses  electrons  less  from  nitrogen  atom  9,  with  which  it  is  conjugated,  tlian  from  nitrogen 
atom  10.  This  creates  the  proper  conditions  for  some  preponderance  of  salt  formation  at  nitrogen  atom  9. 

In  acid,  2-clilorphenazine  forms  mono-  and  diacid  salts,  the  spectra  of  which  are  widely  different  from  one 
another.  In  7.5'/o  acid,  part  of  the  base  (Fig.  5,  Curve  2)  goes  over  into  the  mono-salt,  with  a  maximum  .at  389 
mp.  The  presence  of  a  second  maximum  at  372  mp  shows  that  a  part  of  the  2-chlorphenazine  molecules  is  in 
the  form  of  the  free  base.  With  an  increase  in  the  acid  concentration  (12.5"/o)  the  quantity  of  mono-salt  in  the 
solution  increases.  This  can  be  seen  from  the  upward  displacement  of  the  molar  extinction  of  the  salt  band  (Fig.  5, 
Curve  3).  In  this  same  region,  but  a  little  displaced  toward  the  long  wavelengths,  lie  the  bands  of  the  monoqua¬ 
ternary  salts  2-chlor-9-methylp!ienazine,  with  maximum  at  395  mp,  E  =  20,200,  and  2-chlor-lO-mcthylphenazlne, 
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Fig.  4.  1)  2-Methoxyplienazine  in  alcohol,  2)  in  1%  112S04,  3) in 
l(y7o  H2SO4,  4)  in  96'yo  H2SO4,  5)  perchlorate  of  2-niethoxy-lO- 
methylphenazinc  in  alcohol,  6)  perchlorate  of  2-methoxy-9-tne- 
thylphenazine  in  alcohol,  7)  in  967<’  H2SO4  (c  =  5*  10"®  M.) 


450  m  350 


A  myi 

Fig.  5.  1)  2-Chlorphcnazine  in  alcohol,  2)  in  7.57o 
H2SO4,  3)  in  \2.b%  112804,  4)  in  45fo  H2SO4,  5)  in  SOYo 
H2SO4,  6)  in  967°  H2SO4,  7)  perchlorate  of  2-chlor-9- 
methylphenazine  in  alcohol,  8)  perchlorate  of  2-chlor- 
10-mcthylphenaziuc,  9)  same  in  9C7o  H2SO4  (c  =  5*  10"® M.) 

with  maximum  at  39-1  ,  E  =  16,800  (Fig.  5,  Curves  7  and  8).  Proceeding  from  the  fact  that  the  spectrum  of 

the  nionoacid  salt  of  2'chlorphcnazine  is  very  close  to  the  spectra  of  both  ciiiaiernary  salts  of  2-chlorphcnazine, 
and  that  the  presence  of  a  substituent,  as  seen  from  the  above  calculations,  has  no  great  effect  on  the  distribution 


2618  I 

I 

I 


of  electron  densities  in  the  phcnazine  ring,  it  can  be  concluded  that  there  is  no  especially  pronounced  tendency 
toward  preponderance  in  the  formation  of  any  one  of  the  isomers  of  the  monoacid  salt  in  2-chlor-plienazine. 

Curve  2  of  F-ig.  5  represents  the  composite  absorption  spectrum  of  the  base,  i.e.,  the  monoacid  salt  with  the  proton 
on  niuogen  atom  9,  and  the  same  salt  v/iih  the  proton  on  the  other  nitrogen  atom.  At  large  acid  concentrations, 
both  nitrogen  atoms  are  subjected  to  proton  attack.  Tliis  forms  the  diacid  salt,  and  a  new  band  appears  between 
410  and  430  m^.  The  growth  in  the  molecular  extinction  of  the  di-salt  band  in  Fig.  5  (Curves  4,  5,  and  6)  shows 
that  with  increasing  acid  concentration  (45,  50,  and  067o  respectively)  the  di-salt  concentration  in  the  sclution 
increases. 

Comparing  the  absorption  of  2-  and  1 -clilorphenazincs 
(see  following  communication),  it  is  scon  that  in  the  latter, 
on  account  of  stcric  hindrance,  the  di-salt  is  formed  only 
in  967>J  acid,  while  in  2-chlor-phenazine,  vrhere  this  factor 
is  absent,  the  formation  of  the  di-salt  is  noticeable  in  the 
spectra  even  at  457?  concentration.  In  acid,  judging 
from  the  form  and  position  of  the  absorption  curve  of  2- 
chlorphenazine  (Curve  6),  the  solution  no  longer  contains 
either  any  of  the  free  base,  or  any  of  the  monoacid  salt. 

If  it  is  assumed  that  the  molecular  extinction  of  the  di-salt 
(E  =  27,200)  corresponds  with  lOOT?  concentration  of  the  salt, 
then  in  457o  acid,  with  E  -  10,800,  the  concentration  of  the 
di-salt  is  about  407?,  and  in  50/?  acid,  it  is  about  577?.  The 
2-chlorphenazine  di-sali  band  is  similar  to  the  absorption 
band  of  the  perchlorate  of  2-clilor-lO-methylphenazine  in 
concentrated  sulfuric  acid,  in  which  it  is  converted  into  a 
P.injt  salt  of  the  structure; 

Fig.  0.  1)  2-Pheny!phenazinc  in  alcohol,  2) 
phenazine  in  alcohol.  H 
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^-Phcnylphcnazinc.  Introducing  the  CgHj  group  into  the  phenazine  ring  in  p>osition  2  strongly  displaces  the 
whole  phenazine  curve  toward  the  long  wavclengtli  end  (Fig.  6,  Curve?  1  .and  2).  With  dimethyl  sulfate,  2-phenyl- 
phenazine  easily  gives  a  good  yield  of  a  mixti.:re  of  the  methyl  sulfates  of  2-phenyl-9-  and  2-phcnyl-lO-methyl- 
phenazine.  The  composition  of  the  binary  mixture  of  the  salts  of  2-phcnyl-9-methylphenazine  and  2-phenyl- 
lO-methylphenazine  was  calculated  from  '•■tandarcl  curves  at  wavelengths  of  387  and  395  mp.  At  these  points, 
the  artificial  SOT?  control  mixture  was  found  to  contain  49'’/o  of  the  2 -phenyl -9-methyl phenazine  salt,  and  50.27o 
of  the  2-phenyl -10-mcthylphenazine  salt,  and  for  the  natural  inixture,  obtained  by  the  reaction  of  dimethyl  sul¬ 
fate  with  2-phenylphcn.azinc,  the  concentration  of  sa*lt  with  the  methyl  on  nitrogen  atom  9  was  determined  to  be 
327o,  and  with  the  methyl  on  nitrogen  atom  10,  687‘>(mcan  data  from  five  parallel  experiments).  These  data  show 
that  the  basicity  of  nitrogen  atom  9  is  less  than  nitrogen  atom  10.  The  reduction  in  basicity,  and,  consequently, 
in  the  salt-forming  affinity  of  nitrogen  atom  9  is  to  be  explained,  apparently,  by  the  repulsion  of  electrons  toward 
the  phenyl  group. 


Ill  acid,  2 -phenyl phenazine  gives  two  inonoacid  salts,  and  one  diacid  salt,  characterized  by  individual  ab¬ 
sorption  spectra.  Salt  formation  changes  the  short  v/avelength  band  at  2G6  in/j  very  little.  The  long  wavelength 
band  at  378  mp  is  changed  much  more.  As  the  base  (Fig.  7,  Curve  1)  is  converted  into  salt,  it  becomes  weaker, 
and  in  high  acid  concentration  it  disappears  almost  completely  (Fig.  7,  Curve  3).  Formation  of  mono-salt  is 
characterized  by  the  appearance  of  a  new  absorption  b.ind  between  400  and  420  mp  (Curve  2).  This  is  in  the  same 
place  as  the  absorption  band  of  the  2-phcnyl-lO-methylpheiiazine  salt,  which  h.-s  a  maximum  at  403  ni/i ,  with 
E  =  13,600.  The  close  resemblance  of  the  inonoacid  2-plienyIphenazine  salt  to  the  perchlorate  of  2-pheiiyl-lO- 
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Fig.  7.  1)  2-Phenylphcnazinc  in  alcohol,  2)  in  257o  3)  in 

967o  H2SO4,  4)  perchlorate  of  2-phenyl -9-niethylphenazine  in  alco¬ 
hol,  5)  perchlorate  of  2-phcnyl-lO-mcthylphenazine  in  967®  II2SO4 
(c  =  5*10-®  M.) 

methyl plicnazinc,  and  the  great  difference  between  the  former  and  the  perchlorate  of  2-phenyl-9-meihylphena- 
zinc  testifies  in  favor  of  the  idea  that  2-phenylphcnazine  in  acid  is  protonized  principally  in  position  10. 

At  high  acid  concentration,  tl)e  quantity  of  monoacid  salt  in  solution  diminishes,  and  its  molar  extinction 
falls  off.  The  mono-salt  goes  over  into  the  di-salt,  which  makes  a  new  band  show  up  on  the  curve  with  a  maximum 
at  493  mp  Curve  3).  The  same  band  occurs  with  the  2-phenylphenazinc  salt  in  967o  acid,  to  protons  of 

which  arc  united  with  ilic  free  nitrogen  atoni  9  or  10.  hi  the  absorption  curve  of  2-phenylphcnazine  in  concentrated 
acid,  at  the  places  where  the  bands  from  the  base  (377  mp)  and  the  mono-salt  (410  mp)  occur,  small  kinks  remain, 
testifying  to  the  fact  that  under  these  conditions,  insignificant  quantities  of  the  free  base  and  the  mono-salt  ate 
present  in  solution. 

EX  PERIMENTAL 

Tlie  2-methoxyphcnazine  and  the  2-chlorphenazine  had  the  melting  points  which  arc  given  in  the  litera¬ 
ture  [f',7].  The  remaining  substances  are  described  in  earlier  work  [2,  8],  The  technique  of  preparing  solutions, 
the  spectrophotometry  of  standards  and  binary  mixtures  of  quaternary  salts,  as  well  as  the  calculational  formulae 
are  given  in  reference  [3]. 

SU  MMARY 

1.  The  orientational  influence  of  the  substituents  in  the  molecules  of  2-mcthoxy-,  2-clilor-,  and  2-phenyl - 
plicnazinc  during  the  formation  of  quaternary  salts  by  interaction  with  dimethyl  sulfate  was  determined  by  a  spcc- 
trophotomctric  method. 

2.  The  formation  of  mono-  and  diacid  salts  of  2-nicihoxy-,  2-chlor-,  and  2-phenylphcnazine  was  studied 
in  sulfuiic  acid  solutions  of  various  concentrations. 
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SYNTHESIS  IN  THE  PHE  NOT  H  lA  Z  INE  SERIES 


IV.  SYNTHESIS  OF  10-6 -A  MINOFROPIONYL  DERIVATIVES 
OF  2-CHLOR-  AND  2-ACET YLPHENOTHIA ZINE 

A.  N.  Gritsenko  and  S.  V.  Zhuravlev 

Institute  of  Pbarniacology  and  Chemotherapy  of 
the  Academy  of  Medical  Sciences  of  the  USSR 
Translated  from  Zhurnal  Obshchei  Khimii,  V'ol.  30,  No.  8, 
pp.  26-10-2645,  August,  1960 
Original  article  submitted  July  6,  1959 


Among  the  dialkylaminoacyl  derivatives  of  2-chlorphenothiazinc  which  w’e  have  synthesized  [1],  the  one 
which  has  attracted  the  most  attention  from  pharmacologists  is  10-(6 -dlethylaminopropionyl)-2-chlorphcnothia- 
zine,  the  experimental  study  of  wl)ich,  carried  out  by  Yu.  I.  Viklilyacv  and  N.  V.  Kaverina,  has  shown  that  this 
compound  has  the  specific  property  of  dilating  the  coronary  vessels  of  the  heart.  At  the  present  time  10-(fl-die- 
thylaminopropionyl)-2-chlorphenothiazine  hydrochloride,  under  the  name  "Khloratsizin**,  is  being  tested  clinically 
as  a  therapeutic  agent  in  certain  diseases  of  the  cardio-vascular  system  [2], 

In  the  search  among  the  aminopropionyl  derivatives  of  phenothiazine  for  other  active  preparations  having 
a  similar  action,  we  synthesized  some  new  10-6 -alkylamino-,  aralkylaniino-,  dialkylamino-,  and  nitrogen-con¬ 
taining  hctcroylpropionyl  derivatives  of  2-chlor-  and  2-acetylphenothiazine.  These  conijxjunds  were  prepared 
by  the  reaction  between  2-chlorphenothiazine  or  2-aceiylphcnolhiazine  and  6 -chlorpropionyl  chloride  with  sub¬ 
sequent  replacement  of  the  chlorine  in  the  6 -chlorpropionyl  group  by  a  secondary  or  tertiary  amino  group. 


II  11 

ClCOCH,CII,CI  1  II  HI 

HNR'  1  II  II  1 

1 

’  Ux^/U-" 

^  UvnAX" 

1 

11 

1 

COCH2CH2C1 

1 

COC112CH2R1 

I>.  r=CI;  n’  =  II.\C,H, 

(I):  lINClIjC.II,  (II);  HNC.H,,  (III);  b  (IV);  ~X) 

\ _ z' 

(i  'n-CHj  (VI). 

^ - /  V.. 

X-CH,CH,On  (Vll).  H  =  COCH,; 

Il'  =  N(ClIj),  (VIII);  N(C:H.),  1 

(X):  IlNCtll,,  (XI);  y  (XII);  'b  (XIII);  (XIV). 

\ \ _ /  \ _ / 

V  ^-CH,CH,On  (XV). 


In  the  synthesis  of  these  compounds,  v/e  used  commercially  prepared  2-chlorophcnothiazine.  The  2-acctyl- 
phcnoihiazine  was  prepared  by  introducing  the  acetyl  group  into  position  2  of  the  phenothiazine  ring  directly,  by 
means  of  the  Friedcl-Crafts  reaction  [3].  To  do  this,  10-acetylphenothiazine  is  acciylized  vriih  acetic  anhydride 
in  CS2  in  the  presence  of  anhydrous  aluminum  chloride,  which  gives  2,10-diacetylphcnothiazine.  This  compound 
is  easily  hydrolyzed  with  alcoholic  alkali  to  2-acetylphenothiazine. 

The  reaction  of  6 -chlorpropionylchloride  on  2-chlor-  or  2-acetylphcnazinc,  under  the  same  conditions  as 
In  the  preparation  of  haloidacetyl  derivatives  of  phenothiazine  [4],  gave  an  877o  yield  of  10-(6 -chlorpropionyD- 
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2“chlorphenothiazir5c,  and  an  827a  yield  of  10-(a  -chlorpropionyl)-2-acetylphenothiazine.  iloiling  the  3  -chlor- 
propionylplienoihiazincs  in  toluene  solution  with  2-2.5  gm.-nicl.  of  primary  or  secondary  amine  gave  10-8-amino- 
propionyl  substituted  derivatives  of  2-chlor-  and  2-acetylphcnothiazine  which  v/cre  separated  in  the  form  of  the 
hydroclilorldc,  the  oxalate,  or  the  tartrate. 

For  our  pharmacological  e.xpcrirneiits  we  prepared  hydrochlorides  of  die  follov.’ing  compounds:  10-<3-ethyl- 
ainino)-(I),  10-(3 -piperidyD-(  iV),  10-<3 -morpholyl)-<  V)  and  10-(3 -N-mechylpiperazinyl)-propionyl-2-chlor- 
plienothiazine  ( VT);  10-(3  -dimethylamino)-(VIII),10-(  3  -dicthylamiro-(IX),  10-(S  -piperidyl)-(XII),  10-{B-mor- 
pholyl)-(XIIl),  and  10-(8  -N-methylpiperazinyl)-propionyl-2-acetylphenotiuaziiie  (XIV). 

These  substances  present  the  appearance  of  small  white  crystals,  readily  soluble  in  water,  and  readily  solu¬ 
ble  in  cold  -  1  ut  poorly  in  hot  -  alcohols  (methyl,  ethyl  and  isopropyl). 

The  hydrochlorides  of  l0-(3 -benzylamino)-(II)  and  10-(6 -cyclohexylamiuo)-propionyl-2-chlorphenazine 
(HI),  10-(3 -ben  :ylamino)-(X)  and  10-(3 -cyclohexylamino)-propionyl-2-acetylphcnotliiazine  (XI),  are  white[ex- 
cept  (10),  which  has  a  yellov/ish  color],  crystalline  substances,  difficultly  soluble  in  water  and  cold  alcohols 
(methyl,  ethyl,  and  isopropyl),  but  readily  soluble  in  hot  acetone  and  alcohol. 

The  10- {  3 -[‘HB ’-hydroxyethyD-pipcrazinyl -1  ]-propionyl}  -2-chlorphenothiazine  ( VII)  was  separated  in 
the  form  of  an  acid  salt  of  oxalic  acid.  The  10-{  3 -[4-f  3 '-hydroxyethyl)-pipcrazinyl-l  ]-propionyl}  -2-acetyl- 
phenuthiazine  (XV)  was  separated  in  the  form  of  a  neutral  salt  of  tartaric  acid.  This  was  done  because  the  hy¬ 
drochlorides  of  these  two  compounds  were  not  stable  enough. 

The  salts  recounted  above  are  easily  purified  by  recrystallization  either  from  aeetonc  or  from  anhydrous 
methyl,  ethyl,  or  isopropyl  aleohol.or  from  a  mixture  of  these  solvents. 

Tables  1  and  2  give  the  properties  of  the  salts  of  10-3 -aminopropionyl  derivatives  of  2-chlor-  and  2-acetyl- 
phenazine  as  prepared  by  us. 

The  investigation  of  the  substances  which  we  synthesized  was  carried  out  in  the  Laboratory  of  Special  Pharnia- 
coloj;y  of  the  Institute  of  Pharmacology  and  Chemotherapy  of  the  Academy  of  Medical  Sciences,  USSR,  by  Yu.  L 
Vildilyacv  and  N.  V.  Kaverina.  The  most  interesting  substances  from  the  pliarniacological  standpoint  turned  out 
to  be  10-  {3  -[■!  -(3  ’-hydroxyethyl)-pijx;razinyl-l  ]-propionyl}  -2-chlorophenothiazine  (VII)  and  10-{  3  -[4-(8  *-hy- 
droxyethyl)-piperazinyl-l]-propionyl)  -2-acetyIplicnothiazine  (XV).  These  two  piperazine  derivatives  of  pheno- 
thiazine  showed  in  the  experiments  that  they  have  an  effect  on  the  coronary  vessels  of  the  heart  similar  to  the 
effect  of  10-(8  -diethylaminopropionyl)-2-chlorphenothiazine. 

EXPERIMENTAL  PART 

10-3  -  Aminopropionyl  Derivatives  of  2-Chlorphcnothi3zine 

10-(8  -Clilorpropionyl)-2-Chlorphcnotluazine.  To  117  gm.  2-chlorphcnotliiazine  in  400  ml  dry  toluene 
add  73  gm.  8 -chlorpropionyl  chloride  dropwise  and  boil  the  reaction  mixture  4  hours.  Distill  off  the  toluene 
and  the  remaining  8 -chlorpropionyl  chloride  in  the  vacuum  from  a  water  jet  (filtration)  pump.  Dissolve  the 
residue  in  400  ml  of  anhydrous  isopropyl  alcohol,  boil  the  solution  for  15-20  minutes  with  activated  charcoal, 
and  filter.  Filter  off  and  dry  the  crystalline  precipitate  which  separates  out  on  cooling  the  filtrate.  The  yield 
is  140  gm.  (877'’ of  the  2-chlorphenothiazine)  of  a  fine  crystalline  substance  with  m.p.  l(Fl-106*.  Recrystallized 
from  absolute  alcohol,  it  melts  at  111-112*  (m.p.  112-113*  [5]). 

10-(3  -Morpholylpropionyl)-2-ChlorphcnothiazIne  Hydrochloride  ( V).  Boil  8.1  gm.  10-(8 -chlorpropionyl)- 
2-chlorphenothiazine  and  4.35  gm.  morpholin  in  40  ml  of  dry  toluene  for  2  hours  under  a  reflux  condenser.  Filter 
out  the  morpholine  hydrochloride  which  separates  on  cooling,  and  distill  off  the  toluene  from  the  filtrate  In  vacuum. 
Dissolve  the  oily  residue  in  dry  ether,  filter,  and  add  a  solution  of  MCI  in  dry  ether  to  the  filtrate.  Filter  off  the 
precipitate  of  10-( 3 -morpholylpropionyl)-2 -chlorphcnothiazinehydrochloridc,  wash  with  dry  ether  and  dry  in  a 
vacuum  desiccator  over  solid  alkali.  The  yield  is  9  gm.  (87.57o)  of  a  substance  with  m.p.  225*.  Recrystallization 
from  methanol  did  not  change  the  melting  point. 

The  hydrochlorides  of  the  other  aminopropionyl  derivatives  of  2-clilorphcnothiazine  were  prepared  in  an 
analogous  way,  and  their  properties  arc  given  in  the  table. 
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TABLE  1 

10-6 -Aminopropionyl  Derivatives  of  2-Chlorphenothia7Tne 


'—Cl 

I 

COC.’ll.jCIliU 


1 

Xi 

O 

C 

C  4) 
•o  "O 

S  S  W 

^  B  ^ 

«4  JS 

C  4J 

4J  O 

>  ^ 
r?  O  ^ 
o  Ci  ^ 

L  45  .n  . 

Analysis  of  hydrochloride 

Number  of  s 
'stance 

i 

Meaning  of  R 

in  the  formula 

O  4) 

5—  4) 

c 

N 

PsS 

s  ® 

O.  (j 

bO  2 

.S 

Tl  >. 

S  6  ’l; 

Molecular  for¬ 
mula  of  hydro¬ 
chloride 

c 

0) 

B 

4) 

W 

•o 

c 

3 

21 

3  ^ 

V 

rt 

(«) 

111NC,IU 

— 

219® 

Anhydrous 
Ethyl  Al¬ 
cohol 

CnII,^ON,SCl, 

1 

Cl 

19.28,. 

19.22 

19..30 

<ll) 

IlNCHiC,.!!, 

79.3 

201 

Anhydrous 

Isopropyl 

Alcohol 

C„IIr,ON,SCl, 

N 

6.76. 

6.59 

6.50 

(Ml) 

IINC,I1„ 

92.2 

1 

222 

Anhydrous 
Ethyl  Al¬ 
cohol 

C„H„ON,SCl, 

Cl 

16.74, 

16.43 

16.75 

<IV) 

*(•_> 

82.0 

202 

Anhydrous 

Isopropyl 

Alcohol 

C„tt„ON,SCI, 

Cl 

17.44, 

17.21 

17.63 

(V) 

/  \ 

N  O 

\ _ / 

87.5 

225 

Methanol 

c„n„o,N,sci, 

Cl 

17.26 

17.22 

(VI)* 

- \ 

N  N-Cn, 

\ _ / 

95.5 

195-196 

Anhydrous 

Isopropyl 

Alcohol 

CrH„0N,SCI,H,0 

N 

8.95, 

8.90 

8.85 

(VII). 

/  \ 

N  N-C1I,CH, 

\ _ /  t 

Oil 

90.0 

1S4-1S5 

1 

Methanol 

C,^H„0„NJSC1 

Cl 

N 

5.94, 

6.05 

7.23, 

7.51 

6.00 

7.04 

•  (VI)  —  separated  and  confirmed  analytically  in  the  form  of  the  dLhydrochloridc  with  a 
molecule  of  water;  (VII)  —  acid  oxalate. 
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TABLE  2 

10-3-Arninop:opionyl  Dcdvatives  of  2-Acctylphencthiazine 


I  I  I  I 


-cocn 
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COCIliCMjU 


o§ 

|! Number  of  si 

|j  stance 

ll 

Meaning  of  R 
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r3 

wr3  C 
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>-  o? 

(VIII) 
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(fX) 

N(C,H»), 
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JlNCHn 
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o 
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(XIII) 
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N  <> 

\ _ / 
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N  N-CII,-CH, 
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on 

87.2 

a  ^ 
-o  'U 

Analysis  of  hydrochloride 
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Molecular 
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fco  2 

•S 

W 

T;  X2  <U 

-a 

ra  x: 
c:  y 

0^0 

o  ^ 

formula  of 
Hydrochloride 
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o 

B 
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3 
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3 

3 

O 

73 

o  c: 

to  id  x: 

o 
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202-203° 

Anhydrous 

C,.II,.0,N,SCI 

Cl 

9.6.3, 

9.4.5 

Ethyl  Al- 

N 

9.83 

7.47 

cohol 

j 

7.42, 

7.37 

159-100 

Anhydrous 

C,.»,»0,N,SCI 

Cl 

8.83, 

8.12 

Isopropyl 

8.54 

Alcohol 

90 

Anhydrous 

C,.H«0,N,SCI 

Cl 

8.10, 

8.12 

Isopropyl 

8.0G 

ible 

Alcohol 

187 

Benzene 

c„h,70,n,sc» 

Cl 

8.25, 

8.25 

and 

8.35 

Ether 

N 

6.59, 

6.50 

6.82 

172-173 

Ethyl  Al- 

C„H,.0,N,.SC1 

Cl 

8.37, 

8.52 

cohol 

_ 

8.Z5 

— 

192-193 

Ethyl  Al- 

C„H„0,N,SCI 

Cl 

j 

8.36, 

8.49 

conol 

— 

8.59 

— 

201-202 

Anhydrous 

CijH  nO  jNjSCl  j 

Cl 

14.4.5, 

14..57 

Isopropyl 

Alcohol 

N 

14.46 

8.46, 

8.36 

8.64 

75 

Acetone 

c,  H„0,N,S 

N 

7.36, 

7.30 

(With 

7.44 

sepa¬ 

ration) 

•  (XIV)  ~  separated  and  confirmed  analytically  in  the  form  of  the  dihydrochloride  with  a 
molecule  of  water;  (XV)  —  neutral  tartrate. 
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10-6  -  Aminopropi  on  y  I  D  e  r  i  v  a  lives  of  2-Acct\lphenothiazinc 

2-AcctyIphenothiazine.  Add  14.2  ml  of  acetic  anhydride  over  the  course  of  30-40  minutes  at  20-22*  to 
30  gm.  of  lO-acetyl  plicnothiazinc  and  C7  gm.  anhydrous  aluminum  chloride  in  300  ml  dry  CSj,  and  boil  the 
mixture  for  1  hours.  After  the  mixture  has  cooled,  pour  off  the  CS2,  and  decompose  the  sticky  residue  with  ice 
and  hydrochloric  acid.  Extract  the  solution  three  times  with  ether  using  200  ml  portions.  Wash  the  ether  extract 
first  with  dilute  hydrochloric  acid,  then  with  a  solution  of  soda  in  water,  dry  with  sodium  sulfate,  and  distill  off 
the  ether.  The  greasy  yellow  residue  solidifies  on  rubbing.  The  yield  is  50  gm.  of  2,10-diacetylphenothiazine, 
whicli  by  hydrolysis  with  an  alcoholic  solution  of  caustic  potash  gives  25  gm.  of  2-aceiylphcnothiazine  with  m.p. 
183*.  Recrystallized  from  ethyl  acetate,  it  melts  at  ISl-l  92*  (m.p.  193  [3]). 

10-(B  -Chlorpropiouyl)-2-Acctylphenothiazinc.  Boil  15  gm.  2-aceiylphenothiazinc  and  13  gm.  B-chlor- 
propionyl  chloride  in  100  ml  of  anhydrous  toluene  for  2  hours  under  a  reflux  condenser.  Filter  out  and  dry  the 
yellow  crystalline  mass  that  separates  on  cooling.  The  yield  is  17  gm.  {52%^  of  the  2-acetylphcnothiazlne)  of  a 
substance  with  m.p.  139-140*,  which  after  recrystallization  from  anhydrous  isopropyl  alcohol  melts  at  146-147*. 

The  yellowish-colored  prisms  (from  anhydrous  isopropyl  alcohol)  arc  readily  soluble  in  hot  acetone,  alcohol  and 
toluene.  They  arc  insoluble  in  water. 

Found  %  N  4.34,  4.61;  Cl  10.81,  10.69.  C17H14O2NSCI.  Calculated  ‘/o;  N  4.22;  Cl  10.62. 

10-{  6  -[4-(6  '-HydroxyethyO-Piperazinyl-l  ]-Propionyl}  -2 -Acetyl phenothiazine  Tartrate  (Neutral  Salt)  (XV). 
Boil  1.65  gm.  ib-(B -chlorpropionyl)-2-acctylphcnothiazine  and  1.3  gm.  N-(B -hydroxycthyD-piperazinc  in  25  ml 
of  anhydrous  toluene  for  2,5  hours  under  a  reflux  condenser.  Filter  out  the  N-(6 -hydroxycthyD-piperazine  hydro¬ 
chloride,  and  distill  the  toluene  out  of  the  filtrate.  Dissolve  the  residue  in  absolute  alcohol,  and  add  an  alcoholic 
solution  of  tartaric  acid.  Filter  off  and  dry  the  precipitate.  The  yield  is  2.5  gm.  of  a  fine  crystalline  substance 
which,  after  two  recrystallizations  from  methanol,  melts  at  75*.  The  substance  is  readily  soluble  in  water,  moder¬ 
ately  soluble  in  hot  methyl  and  ethyl  alcohol,  and  insoluble  in  acetone. 

10-(fl -Dieihylaminopropionyl)-2-Acetylplienotliiazine  Hydrochloride  (JX).  Boil  1.65  gm,  10-(B-chlor- 
propionyl)-2-aceiylphcnothiazinc  and  0.73  gm.  of  diethylamine  for  two  hours  under  a  reflux  condenser.  After 
separating  the  diethylamine  hydrochloride  and  distilling  off  the  toluene,  dissolve  the  residue  in  dry  ether,  and 
saturate  the  ether  solution  with  dry  hydrogen  chloride.  Filter  off  the  precipitated  hydrochloride,  wash  with  dry 
ether  and  dry.  The  yield  is  1.8  gm  (89'7"),  m.p.  135-136”.  Recrystallized  from  acetone,  and  then  from  anhydrous 
isopropyl  alcohol,  it  melts  at  159-lGO".  Colorless,  small  crystals,  readily  soluble  in  v.’ater,  hot  acetone,  ethyl 
and  isopropyl  alcohol. 

The  other  hydrochlorides  of  the  fl -aminopropionyl  derivatives  of  2-acctylphenothiazine  were  prepared  in 
the  same  way,  and  their  properties  are  given  in  Table  2. 

SUMMA  RY 

New  10-B -aminopropionyl  derivatives  of  2-chlorphenothiazine  and  2-aceiylphenothiazine  were  prepared. 
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n.  A.  Gcllcr  and  L.  N.  Dubrova 

Iintitiitc  of  Physical  Chemistry  of  the  Academy  of  Sciences, 
Ukr.SSR 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol,  30,  No.  8, 

pp,  264G-26-17,  August,  lOCO 

Original  article  submitted  July  1,  1959 


The  rcgroiipingof  N-iiitroarnines  in  acid  media  into  o-  and  p-nitroamines,  studied  by  Bamberger  and  others 
[1-8],  has  long  attra«-ted  the  attention  of  chemists.  In  studying  the  mechanism,  they  have  tried  to  clear  up  the 
question  of  whether  the  regrouping  proceeds  by  way  of  the  displacement  of  a  nitro  group  into  the  ortho  position 
inside  a  single  molecule,  or  whether  it  is  by  way  of  acid  hydrolysis  of  the  nitroaminc,  with  subsequent  nitration 
of  other  molecules  in  the  ortho  position  by  the  nitric  acid  which  is  formed.  In  the  latter  case,  the  nitrating  agent 
ouglu  to  be  detectable  in  the  reacting  medium. 

C«)mparison  of  the  relationships  among  the  ortho,  meta,  and  para  isomers  in  the  regrouping  of  phenylnitro- 
amine  and  ilie  nitration  of  aniline  [G,  8j,  as  well  as  other  investigations,  have  shown  that  these  two  processes  pro¬ 
ceed  indeja'.ndently  of  one  another.  The  nitrating- a  gent  does  not  appear  in  the  reacting  medium  in  the  regrouping, 
which,  consequently,  is  talring  place  intra-rnolecularly.  In  some  cases,  partial  denitration  occurs,  but  it  bears  no 
relation  to  the  ortho  regrouping.  On  the  basis  of  material  collected  from  the  literature.  Ingold  [9]  accepts  die  ul¬ 
tra -molecular  mechanism,  and  proposes  a  scheme  for  the  regrouping. 

Recently,  Brownstcin  and  his  co-werkers  [10]  have  shown  that  in  the  regrouping  of  phenylnitroaminc  in  l\'1o 
sulfuric  acid  at  -20*  in  the  presence  of  KN^®03  the  o-  and  p-nitroanilines  formed  have  the  normal  isotopic  consti¬ 
tution  of  nitrogen.  This  shows  iliat  the  ortho-  and  para -regrouping  can  not  be  proceeding  intcr-molecularly,  as 
this  would  involve  the  nitrating  agent  in  die  surrounding  medium.  The  authors  concluded  from  this  that  the  re¬ 
grouping  proceeds  intra-rnolecularly  and  they  accordingly  extended  Ingold’s  scheme  to  the  formation  of  the  para- 
isomer. 

It  is  possible,  however,  to  imagine  an  inter-molecular  mechanism  in  which  it  is  not  necessary  to  have  a 
nitrating  agent  in  the  reacting  medium  participating  in  the  process.  This  can  take  place  in  the  case  that  two 
molecules  of  N-nitroamine  form  an  intermediate  complex,  in  which  the  nitvo-group  is  transferred  from  one  mole¬ 
cule  to  the  other.  The  results  obtained  till  the  present  time  give  the  same  amount  of  support  both  to  the  intra¬ 
molecular  mechanism  and  to  an  intcr-molccular  mechanism  of  this  sort. 

To  verify  the  possibility  of  an  inter-molecular  mechanism,  we  carried  out  a  combined  regrouping  of  phenyl- 
nitroamine,  containing  9.l7o  N*®  in  the  nitro  group,  with  ordinary  p-tolylnitroamine.  With  the  intra -molecular 
mechanism,  the  m-nitro-p-toluidine  would  show  the  natural  content  of  0.31*^o  N*®.  In  the  case  of  the  inter-mole¬ 
cular  mechanism,  it  would  contain  1.82‘7o  N^®.*  Actually,  0.45-0.60'7i)  N^®  was  found  in  the  m-iiitro-p-toluidine. 
Taking  account  of  the  possibility  of  contamination  of  the  m-nitro-p-a.cetamino  benzoic  acid  with  marked  products 


•  This  value  is  calculated  from(0.37  •  5  f9.l)/6,  as  two  thirds  of  the  m-nitro-p-toluldlne  remains  light,  and  one 
tliird  becomes  half  heavy  with  the  nitrogen  atom  from  the  phenylnitroamine.  This  is  correct  from  the  statistical 
distribution  of  all  the  colliding  molecules,  which  is  what  we  assumed. 
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(see  below),  this  value  can  be  considered  close  to  the  natural  n’®  content.  Consequently,  these  results  allow  us 
to  reject  any  sort  of  intermolecular  mechanism  for  the  nitroamine  regrouping  and  to  assume  that  it  proceeds  intra- 
inolecularly. 

The  investigation  was  carried  out  in  the  following  way.  Phcnylnitroamine-N^®C^  and  p-tolylnitroaminc, 
prepared  as  in  references  [1-3  and  11](1  :1  molar  ratio),  were  dissolved  in  ether,  and  mixed  with  concentrated 
hydrochloric  acid  at  0*.  After  several  hours,  the  products  of  the  regrouping  separated  by  steam  distillation  (the 
p-nitroanilinc  docs  not  go  over)  and  oxidation  of  the  acetylized  o-nitroaniline  and  m-nitro-p-toluidine  with 
potassium  permanganate.  The  m-nitro-p-acetaminobenzoic  acid  separated  in  this  way,  in  spite  of  recrystalliza¬ 
tion,  was  apt  to  contain  o-nitroacetanilidc-N'®,  which  raised  its  content.  The  acid  from  various  experiments 
had  m.p.  207-213*  (220-221*  in  the  literature). 

The  o-  and  p-anilincs  could  not  be  separated  in  the  pure  state  by  this  method,  therefore  their  N*®  content 
is  uninformative,  and  is  not  given  here. 


SUMMARY 

It  is  shown  that  in  a  combined  regrouping  of  phenylnitroamine-N^^Oj  with  p-tolylnitroamine,  the  heavy 
nitrogen  does  not  enter  into  the  product  of  the  reaction,  m-nitro-p-toluidine.  This  excludes  the  possibility  of  an 
inter-molecular  mechanism  in  nitromaine  regrouping. 

LITERATURE  CITED 

1.  E.  Bamberger  and  L.  Starch.  Bcr.  2£,  471  (1893). 

2.  E.  Bamberger  and  K.  handsteinct,  Bcr.  26,  482  (1893). 

3.  E.  Bamberger,  Ber.  2T_,  359,581,  914  (1894);  1248  (1897):  3383  (1922). 

4.  O.  Hinsberg,  Ber.  25,  1092  (1892). 

5.  C,  Schraubc  and  C.  Schmidt,  Bcr.  2^,  514  (189-1). 

6.  A.  E.  Hollcman,  J.  C.  Hartogs,  and  T.  van  dcr  Linden,  Ber.  704  (1911). 

7.  A.  E.  Bradficid  and  K.  J.  P.  Orton,].  Chem.  Soc.  915  (1929). 

8.  E.  D.  Hughes  and  G.  T.  Jones,  J.  Chem.  Soc. ’2678  (1950). 

9.  C.  K.  Ingold,  Structure  and  Mechanism  in  Organic  Chemistry  [in  Russian]  IL,  502  (1959). 

10.  S.  Brownstein,  C.  A.  Bunton,  and  E.  D.  Hughes,  Chem.  and  Ind.  981  (1956). 

11.  G.  S.  Salyamon,  I.  V.  Grachev,  and  B.  A.  Porai-Koshits,  Zhur.  Obshchei  Khiin,  Collection  II,  1315  (1953), 


2628 


RRACTION  or  KETONES  WITH  AMMONIACAL  SOLUTION 
or  SILVER  OX  IDE 


III.  OXIDATION  (')r'DFSOXYBENZOIN 

V  .  I .  Veksler 

Leningrad  Institute  of  Soviet  Commerce 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  8, 

pp.  2tl17-2fi50,  August,  I960 

Original  article  submitted  September  15,  1959 

As  was  shown  previously,  aliphatic-aromatic  ketones  of  the  general  formula  ArCH^COR  are  readily  oxidized 
by  ammoniacal  silver  oxide  solution  [1, 2].  With  the  aim  of  obtaining  data  on  the  substances  which  are  formed  in 
this  reaction,  in  the  present  work  a  study  v/as  made  of  the  oxidation  of  desoxybenzoin  (phenyl  benzyl  ketone,  fur¬ 
ther  designated  as  PBK).  In  contrast  to  the  ketones  studied  earlier  [1,  2],  PBK  in  the  cold  is  oxidized  very  slowly; 
the  reaction  goes  well  only  at  a  temperature  near  to  the  melting  point  of  PBK  (in  the  order  of  55*). 

As  a  result  of  the  reaction  of  PBK  with  Ag^O  there  are  formed  metallic  silver,  a  small  amount  of  benzoic 
acid  (about  lO’/o  of  the  v;cight  of  the  PBK),  and  a  neutral  solid  product  which  was  separated  by  solvent  treatment 
into  three  substances:  (I)  soluble  in  ether  and  hot  alcohol,  yellow  color  (~55‘7o);  (II)  soluble  in  ether  but  insoluble 
in  alcohol,  liglit-ycilow  (m)  insoluble  in  ether,  white  (~207'’).  Analysis  demonstrated  that  the  substances 

(I-lII)  have  approximately  the  same  molecular  weight  and  content  of  carbon  and  hydrogen;  their  composition  may 
be  rcprcscntetl  approximately  by  the  formula  Cp^IIijOs. 

Judging  by  the  analytical  data,  the  substances  which  we  obtained  are  not  reported  in  the  literature  as  pro¬ 
ducts  of  the  condensation  conversions  of  PBK  studied  by  N.  N.  Zinin  and  subsequent  Investigators  [3],  namely: 
benzylidene-bis-desoxybenzoin  (benzamarone)  [CelljCOClKCgHsl^CHCglls  [4],  bidesyl  [dibenzoyldibenzyl] 
[CglljCOt'lKCgHs)^  [5],  phenyl  benzyl  carbinol  [G],  desoxybenzoinpinacone  [7],  and  also  benzil  (dibcnzoyl]  and 
benzoin.  The  absence  of  the  latter  substances  was  shown  by  qualitative  reactions  [8].  In  view  of  the  insolubility 
of  substances  (I-III)  in  caustic  jinder  the  conditions  of  experiment,  they  arc  not  acids  of  the  amarlc  acid  type  [6], 
nor  are  they  lactones  or  esters,  the  formation  of  which  has  been  noted  in  the  oxidation  of  aliphatic-aromatic  ke¬ 
tones  by  hydrogen  peroxide  [9]. 

For  clarifying  the  structure  of  the  substance  (I),  the  2,4-dinitrophenylhydrazonc  was  obtained;  according  to 
the  analysis  this  represents  a  derivative  of  a  monocarbonyl  compound  of  the  above-indicated  formula  Cjgll^jOs. 

A  study  of  the  infrared  spectra  of  substances  (I)  and  (III)  confirmed  the  presence  of  the  carbonyl  group  (absorption 
peaks  at  1684  and  1669  ciiT^  respectively)  [10];  an  analogous  peak  is  found  in  the  spectrum  of  the  original  PBK 
(see  figure).  The  absence  of  characteristic  peaks  in  the  region  of  980-1160  cm"^  in  the  spectrum  of  substance  (I) 
indicates  the  absence  of  the  C-O-C  ether  group  [10]. 

On  the  basis  of  these  facts,  it  can  be  concluded  that  in  the  action  of  Ag20  on  PBK  there  apparently  are  formed 
aryl  ketones— the  products  of  condensing  four  molecules  of  PBK.  At  present  we  have  not  conducted  a  more  detailed 
investigation  of  the  structure  of  these  substances. 
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Infrared  absorption  spectra,  1)  Oxidation  product  (I);  2)  desoxybenzoin. 

EXPERIMENTAL 

PBK  was  obtained  by  dry  distillation  of  benzoin  with  zinc  dust  [11).  M.p.  56-67*  (from  metlianol);  litera¬ 
ture  data  m.p.  55-56*  [12],  57*  [13],  52-58*  [14],  59-60*  [15],  The  yield  of  recrystallized  PBK  in  our  experi¬ 
ments  was  20-30'7o;  nevertheless,  the  given  method  should  be  considered  as  very  convenient  for  the  small-scale 
preparation  of  PBK  because  of  its  extreme  simplicity. 

O^daimn^f  PBK.  A  solution  was  made  up  from  0.078  g-mole  silver  oxide  In  ~0.7  g-mol  of  aqueous  am¬ 
monia,  6.5  g  NaOlI,  and  water  to  a  total  of  500  ml.  This  oxidizing  mixture  was  heated  to  54*,  and  7  g  (0.0357 
g-mole)  of  PBK  (dissolved  in  50  ml  alcoliol)  w’as  added  dropwise  with  stirring.  The  PBK  addition  was  completed 
in  2  hours,  after  which  heating  and  mixing  were  continued  for  2.5  hours  more;  at  this  time  the  reaction  was  prac¬ 
tically  complete,  as  evidenced  by  the  constancy  of  the  quantity  of  silver  in  the  solution.  The  total  consumption 
of  silver  oxide  was  0.072  g-mole,  i.c.,  2  g-moles  of  AggO  per  g-mole  of  PBK. 

Separation  of  Reaction  Products,  The  metallic  silver  and  the  solid  organic  substances  were  filtered  off  from 
the  alkaline  solution.  From  the  solution,  0.8  g  of  benzoic  acid  was  recovered.  The  sediment  was  washed  with  cold 
alcohol  and  tlicn  was  treated  several  times  with  acetone.  The  material  remaining  on  the  filter  was  metallic  silver 
(confirmed  by  analysis).  After  evaporation  of  the  acetone,  5.95  g  of  a  yellow-orange  crystalline  product  was  ob¬ 
tained.  This  product  was  treated  v;ith  ether  on  a  filter;  from  1  g  there  remained  0.17  g  of  the  ether-insoluble  sub¬ 
stance  (III),  which  was  white  in  color.  After  evaporation  of  the  ether  there  was  formed  a  yellow  viscous  substance, 
which  was  gradually  converted  upon  standing  in  air  (or  converted  in  a  few  hours  in  a  vacuum  desiccator)  to  a  glassy 
mass,  very  readily  crushed  to  a  powder.  Upon  treatment  with  hot  alcohol,  about  2/3  was  dissolved,  leaving  a 
light-yellow  substance  (II),  insoluble  in  alcohol;  after  evaporatingoff  the  alcohol  solution,  yellow  crystals  of  the 
substance  (I)  were  obtained.  For  purification,  (I)  was  recrystallized  from  etlianol,  (ID  from  isopropanol,  and  (III) 
from  etliyl  acetate;  prior  to  analysis  they  were  dried  in  vacuum  at  50*.  Substances  (I-III)  are  readily  soluble  in 
benzene,  chloroform,  and  dioxanc.  They  have  indistinct  melting  points,  over  a  wide  temperature  range:  (I)  96- 
106*,  (II)  130-137*,  (III)  195-205*. 

AjialyUcal  dm.  (I).  Found  %■.  C  84.40,  84.32;  H  5.51,  5.62.  M  793  (benzene).  (II).  Found  C  84.91, 
84.&1;’h  5.52,'5.4’l,  M  787,  771.  (III).  Found  C  84.52,  84.69;  11  5.51,  5.31.  M  781.  Calculated 

C  84.60;  H  5.33.  M  79-4.3. 

The  2,4-dinitrophenylhydrazone  of  substance  (I)  was  obtained  in  the  usual  manner  [16].  The  product  was 
dissolved  in  ether,  the  ether  was  evaporated,  and  the  residue  was  recrystallized  from  anhydrous  alcohol;  m.p.  140- 
148*  (indistinct). 


2630 


Found  N  6.32,  6.29.  Calculated  <7^:  N  5.75. 

The  infrared  spectra  were  taken*  on  an  IKS-11  spectrograph  with  NaCl  prism,  the  PBK  and  (I)  In  solution 
in  CCI4  and  the  (III)  in  suspension  in  white  oil. 


SUMMARY 

By  oxidation  of  desoxyhenzoin  by  caustic  aniinoniacal  solution  of  silver  oxide  at  54*,  a  mixture  of  carbonyl-  . 
containing  compounds  is  formed,  approximating  the  composition  C55l|;2<^5.  ®nd  also  a  small  quantity  of  benzoic  acid. 

LITERATURE  CITED 

1.  V.  F.  Veksler,  Zhur.  Obshchei  Khim.  1338  (1952).* 

2.  V.  I.  Veksler,  Zhur.  Obshchei  Khim.  1622  (1957).* 

3.  S.  N.  Danilov,  Zhur.  Obshchei  Khim.  2353  (I9d5).* 

4.  N.  N.  Zinin,  Bull.  Acad.  Sci.  St.  Petersb.,  XV,  310  (1871);  E.  Knoevenagel  and  R.  Weissgerber,  Ber.  26,  436 
(1803). 

5.  F.  Knoevenagel,  Her.  21_,  1355  (1888). 

6.  A.  Zagumennyi,  Zhur.  Russ.  Khim.  Abshch.  130(1875):  H.  Meerwein.  J.  pr.  Ch.  205,  225  (1918). 

7.  Paterno,  Gazz.  ^4,  1,  159  (1914). 

8.  G.  Meier,  Analysis  and  Determination  of  Organic  Compounds  (Leningrad,  CNTI—Khimtcoret,  1937), 
pp.  287,  292. 

9.  V.  N.  Belov  and  L.  A.  Kheifets,  Uspeldii  Khim.  W,  969(1956). 

10.  I,.  Bellamy,  Infrared  Spectra  of  Molecules  [Russian  translation] (IL,  1957),  pp.  138,  158. 

11.  J.  C.  Irvine,  et  al.,  J.  Cheni.  Soc.  9^,  1338  (1907). 

12.  Synthesis  of  Organic  Compounds  2,  167  (1949). 

13.  Jenkins,  J.  Am.  Chem.  Soc.  3169  (1932). 

14.  D.  A.  Ballard  and  W.  M.  Dehn,  J.  Am.  Chem.  Soc.  3469  (1932), 

15.  Dictionary  of  Organic  Compounds  1_,  621. 

16.  V.  Johnson,  R.  Shannon,  and  R.  Read,  Organic  Reagents  for  Organic  Analysis  [Russian  translation] (IL,  1948), 
p.  GO. 


•  The  spectra  were  taken  in  the  laboratory  of  Leningrad  State  University  by  O.  V.  Svcrdlova,  to  whom  I  express 
deep  gratitude. 


2631 


CYANINE  DYES  WITH  UNSATURATED  SUBSTITUENTS 

VIL  THIACYA NINES  CONTAING  6-CYANOVlNYL  RADICALS 
ON  THE  BENZOTHIAZOLE  RINGS 

I.  K.  Ushenko 

Institute  of  Organic  Chemistry,  Academy  of  Sciences, 

Ukrainian  SSR 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  8, 

pp.  2C50-2657,  August,  19C0 

Original  article  submitted  July  10, 1959 


Previously  we  had  obtained  thiacyaninc  dyes  containing  unsaturated  substituents  in  the  5,5'-  and  6,6'-posi- 
tlons  of  tlic  bcnzoihiazole  rings  [I],  A  study  of  the  optical  properties  of  these  dyes  showed  that  the  introduction 
of  unsaturated  groups  into  tlic  benzothiazolc  rings  displaces  the  absorption  band  sharply  toward  the  long-wave  re¬ 
gion  of  tlic  spectrum. 

In  the  present  communication,  information  is  given  on  cyanine  dyes  containing  6-cyanovinyl  radicals  on 
the  benzothiazolc  and  quinoline  rings.  New  bases- were  obtained  by  the  Meerwein  reaction  pj  by  the  interaction 
of  acrylonitrile  with  diazoniurn  salts  obtained  from  2-methyl-5-arnino-  and  2-niethyl-6-anunobenzothiazole 
and  6-aminoquinaldinc  p-mcthyl-G-amiiioquinolinci. 

Arylation  and  haloarylation*  of  the  nitriles  of  .a-6 -unsaturated  acids  have  been  studied  only  for  two  re¬ 
presentatives  —  the  nitrile  of  cinnamic  acid,  and  acrylonitrile.  Mcerwein  [2]  showed  tliat  the  nitrile  of  cinnamic 
acid  reacts  readily  with  p-chjorobenzenediazonium  chloride,  forming  a-fp-chlorophenyD-cinnamic  acid. 

CN  -I-  P-CIC0H4N2CI  ->  flJfg-CHr^C-CN  -j-  Nj  -1-  MCI 

I 

CclUCl-p 


The  haloarylation  of  acrylonitrile  has  been  studied  in  very  great  detail  [5-9].  The  interaction  of  acryloni¬ 
trile  with  diazoniurn  salts  was  first  described  by  Coelsch  [5],  who  showed  that  an  aryl  diazoniurn  chloride  under 
the  conditions  of  the  Meerwein  reaction  forms  the  corresponding  a-chloro-fi -arylpropionitrilc: 

CIl2=-r.n-(:N  J  ArN.,r:i  -*  Ar-Cllz-CIl-CN  -\  N’i 

I 

Cl 

As  a  rule,  in  this  reaction  the  halogen  adds  to  the  a-carbon  atom,  and  the  aromatic  radical  to  the  6 -carbon 

atom. 


•A.  B.  Dombrovskii  [3,  4]  has  proposed  the  name  "haloarylation"  for  the  reaction  between  unsaturated  comjKuinds 
and  aryldiazonium  halides,  as  a  result  of  which  the  aromatic  radical  and  the  halogen  atom  of  the  diazo  compound 
add  to  the  multiple  carbon— carbon  bond. 
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TABLE  1 


Bases 


C-CII 


3 


Compound 

No. 

n 

''  1 

Position  of  1 
substituent  j 

R-  .  J 

Yield,  ‘/o 

1 

(1) 

NC-CII  -Cllz— 

1 

s 

(> 

46 

(II) 

Cl 

Nc;- cii— cii,— 

1 

s 

5 

50 

III) 

CI 

NC-CII  --CII- 

i 

s 

1  1^ 

65 

(IV) 

Nc-cii=(:ii— 

s 

5 

GO 

(V) 

i  NC-CII^  Cil- 
1 

-cii=-(;ii- 

li 

[  48 

1 

In  Studying  the  reaction  of  haloarylation  of  acrylonitrile,  it  was  established  [9]  that  It  is  necessary  to  main 
tain  a  definite  temperature  range  and  pM  of  the  medium,  depending  on  the  nature  of  tlie  aromatic  compound. 

Dp  to  the  picscnt,  diaiso  compounds  of  the  heterocyclic  series  had  not  been  reacted  with  acrylonitrile.  By 
reacting  diazotized  2-methyl-5-aniinobenzoihiazolc,  2-methyl-G-aminobenzothiazole,  and  2-mcthyl-6-amino- 
quinoline  with  acrylonitrile,  bases  v/cre  obtained  as  shown  in  Table  1  (substances  I,  II). 
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It  was  found  that  llie  cliloropropionitrilcs  which  we  synthesized  ate  very  stable  compounds,  which  only  upon 
heating  in  quinoline  to  180*  split  off  hydrogen  chloride  and  are  converted  to  2-methyl -fl -cyanovinylbenzothiazolcs 
(substances  III  and  IV). 

The  bases  sliown  in  Table  1  were  converted  to  quaternary  salts,  and  the  latter  were  converted  to  cyanine  dyes. 

Tables  2  and  3  show  the  absorption  peaks  of  the  carbocyanines,  thiadicarbocyanines,  and  dimethinemero- 
cyanincs  wliich  we  obtained,  and  also  for  comparison  the  absorption  peaks  of  the  corresponding  styryl  derivatives 
which  we  had  obtained  previously  [1]. 

From  the  data  of  Table  2  it  follows  that  the  introduction  of  the  B -cyanovinyl  radical  into  the  carbocyanine 
molecule  gives  rise  to  an  11-14  mp  shift  of  the  absorption  peak  toward  the  long-wave  region  of  the  spectrum.  It 
is  interesting  that  the  absorption  peaks  of  the  thiacarbocyanincs  containing  styryl  and  3-cyanovinyl  radicals  in 
the  6,6’ -position  arc  almost  identical,  and  the  absorption  curves  ate  of  the  same  type  throughout. 

The  nitrile  group,  being  a  strongly  electronegative  substituent,  in  conjunction  with  the  double  bond,  gives 
rise  to  a  drawing  of  electrons  from  the  benzothiazole  ring  and  the  polymethine  chain,  as  a  result  of  which  the 
chromophore  is  lengthened,  which  contributes  to  deepening  the  color. 

Upon  introduction  of  unsaturated  radicals  into  the  5,5’-  and  6,6’-position  of  thiadicarbocyanines  (Table  2) 
there  is  also  observed  a  significant  shift  of  the  absorption  peak  toward  the  long-wave  region  of  the  spectrum,  a 
greater  bathochromic  effect  occurring  for  the  6,6’-dccivatives  than  for  5,5’-dcrivatives,  This  is  probably  connected 
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TABLE  2  j 

t 

Carbocyanines  and  Thiacarboxyanines  ! 


_ Y 

ll-l-  I  I 


V _ 


d 


j 

( 


"o 

C2II:. 

Compound 

No. 

1 

11 

n 

Y 

Position 
of  sub¬ 
stituent 

R 

Absorption 
peak,  mp 

Displacement 
of  absorption 

peak,  mp,  in  ! 

coiriparlson  j 

with  ( A)  i 

(A) 

II 

s 

559 

1  i 

- 

Ccii5-cn=cii- 

1 

S 

0.6' 

.596 

4-37  ; 

(VI) 

Nc-cn^cii- 

1 

s 

0.6' 

594 

-f.35 

— 

Ccn5-t;ii=(:ii- 

s 

5.5' 

578 

4-19  { 

(VII) 

NC-tlllr^CII- 

s 

5,5' 

570 

4-1  i  : 

(A) 

II 

1 

-CU--CII- 

— 

007 

_ 

— 

C0II5-C11--C11- 

1 

-CI1--=:CII- 

0.0' 

045 

-f3S  ; 

(VIII) 

NC-CIlr-.CII-- 

-CII=CII- 

6.0' 

040 

j 

(A) 

n 

2 

s 

050 1 '0| 

(IN) 

Coll;,  -CII---CII- 

2 

s 

0.0' 

094 

H-44 

(N) 

NC  -ClUrCII- 

2 

s 

0,0' 

089 

4-39 

(XI) 

r.oiio-cii--cii 

2 

070 

4-20 

(Nil) 

NC  CII-CII  — 

•» 

- 

s 

5.5' 

007 

-M7 

with  the  fact  that  the  conjugation  of  the  unsaturated  substituents  with  tlic  polymethine  chroinophore  is  much  better 
accomplished  through  the  nitrogen  atom  of  the  benzothiazole  ring  than  through  the  sulfur  atom. 


Table  3  shows  absorption  peaks  of  the  dimethinemcrocyanines.  It  was  found  that  the  introduction  of  the 
cyanovinyl  radical  into  the  C-position  of  the  merocyanine  molecule  gives  rise  to  a  shift  of  tlie  absorption  peak 
toward  greater  wavelength,  but  somev.'hat  less  than  the  shift  given  by  the  introduction  of  the  styryl  group.  Upon 
introduction  of  the  cyanovinyl  group  into  the  5-position  of  the  merocyanine,  the  absorption  peak  is  completely 
unchanged.  Previously  E.  D.  Sych  had  found  [111  that  3,3’“diethyl-5,5'-dinitrothiacarbocyanine  has  an  absorp¬ 
tion  peak  at  560  m^,  while  G,6'-dinitrothiacarbocyanine  absorbs  at  585  mp. 

In  the  synthesis  of  the  quaternary  salts  and  dyes  from  2-methyl -( B -cyano-8 -chlorocthyD-bcnzothiazolcs 
we  noted  that  upon  heating  of  the  bases  and  the  ethyl  ester  of  p-tolucncsulfonic  acid  to  135-140",  a  partial  separa 
tion  of  hydrogen  chloride  was  already  observed.  Upon  condensing  this  quaternary  salt  with  orthoformic  ester  in 
pyridine,  C>,6’-di-B -cyanovinylihiacarbocyanine  is  formed  exclusively. 

The  quaternary  salts  of  2-methyl-(B -cyano-B -chlorocthyD-benzothiazolcs  are  obtained  only  by  short-time 
heating  of  the  bases  with  diethyl  sulfate  in  a  water  bath.  With  gentle  heating  of  the  indicated  quaternary  salts 
with  orthoformic  ester  in  acetic  anhydride,  there  are  formed  thiacarbocyanines  v.’ith  absorption  peaks:  566  mp 
for  6,C'-  and  5G-4  mp  for  5,5'-substitiitcd. 

The  cationic  charge  on  the  benzothiazole  ring  which  arises  upon  alkylation  of  the  bases  increases  the  nega¬ 
tive  character  of  the  benzothiazole  ring.  Apparently  this  results  in  easier  dehydrochlorination  and  double  bond 
formation. 
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TABLE  3 


D  inicth  incmerocyan  ines 
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Jc^(;ii-CM=(: - s 


II -- 


I 

‘■2  Hr. 


I 

f’.olIr, 


Compound 

No. 

n 

Y 

Position  of 

substituent 

R 

Absorption 
peak,  m/i 

Displacement 
of  absorption 
peak,  m/I ,  in 

comparison 

withXA). 

(A) 

II 

s 

:)24 

_ 

— 

(:gii.,--(:iu-^cii  — 

.s 

b 

540 

1  16 

(XIII) 

NC-CIlruzClI- 

s 

6 

535 

-1  11 

- 

(:„ii.-,-cii=-cii-- 

S 

r> 

531 

]-  7 

(XIV) 

NC  -CI1=CII- 

s 

5 

.524 

0 

(A) 

II 

—( '.11=^011  — 

— 

568 

... 

— 

(•.JI-~CIU-CII  - 

-CII-  4111- 

6 

584 

-]-16 

(XV) 

.XC  -CIU-CII  - 

!  Cl|-:-.CII  — 

1 

6 

580 

4-12 

Alcoholic  solutions  of  ihiacarbocyanincs  and  ihiadicarbocyanines  containing  3-cyanovinyl  radicals  are  very 
strongly  fluorescent.  Upon  the  introduction  of  alkyl  groups  into  position  9  of  the  thiacarbocyanines,  the  fluores¬ 
cence  disappears  completely. 


EXPERIMENTAL 

2-Methyl-5-aminobcn/.othiazolc  [12i,  2-methyl -6-aminobenzcthiazole  [131,  and  2-methyl-6-aniinoquino- 
line  [13]  were  prepared  by  methods  developed  earlier. 

2-Mct)iyl-6'(8 -cyano-3 -chloroeihyD-benzothiazolc  (I).  A  mixture  of  100  ml  acetone,  5.3  g(0.1  g-mole) 
acrylonitrile,  and  24  g  crystalline  sodium  acetate  in  a  three-necked  flask  was  cooled  to  -15*.  16.4  gfO.l  g-mole) 
2-mcthyl-G-aminobenzothiazole  was  dissolved  in  25  ml  concentrated  hydrochloric  acid  and  20  ml  water.  The 
solution  was  cooled  to  -5  to  -8*  and  diazotized  with  7.5  g  sodium  nitrite  in  12  ml  water.  After  standing  for  5 
minutes  in  tire  cooling  mixture,  the  diazonium  chloride  was  added  in  one  lot  to  the  contents  of  the  flask;  then 
a  solution  of  5.2  g  cupric  chloride  in  10  ml  water  was  added.  The  reaction  mixture  was  stirred  2  hours  at  -2*, 
then  two  hours  more  while  slowly  warming  to  room  temperature.  Stirring  was  continued  4  hours  at  room  tempera¬ 
ture,  Then  the  mixture  was  transferred  to  a  distilling  flask,  and  the  acetone,  chloroacetone,  and  2-mcthyl-6- 
chlorobenzothiazole  were  removed  by  steam  distillation.  About  2.5  liters  of  distillate  was  collected.  A  dark- 
brown  oil  remained  in  the  flask;  this  along  with  the  water  was  poured  into  a  beaker.  On  the  following  day  a 
solidified  lump  was  separated  from  the  water  layer,  pulverized,  and  dried.  Weight  22  g.  The  residue  was  then 
dissolved  in  hot  chloroform,  the  solution  was  filtered,  and  the  Lnsolublc  part  of  the  residue  (5  g)  was  washed  on 
the  filter.  The  solution  after  partial  distillation  of  the  chloroform  was  subjected  to  chromatography  on  aluminum 
oxide.  The  chloroform  was  distilled  from  the  eluatc.  A  dark  oil  was  obtained,  which  was  dissolved  in  benzene 
and  again  subjected  to  chromatography.  Benzene  was  used  as  eluent.  A  viscous  light-yellow  oil  was  obtained, 
which  began  to  crystallize  after  one  day.  Yield  10.9  g  (dOfo),  m.p.  57-59*.  SLx  experiments  were  conducted  on 
synthesis  of  the  base.  Increasing  the  charge  did  not  reduce  the  yield,  which  averaged  44.3‘T'J.  Part  of  the  base 
was  vacuum  distilled  at  163-169*  (4  mm).  There  was  obtained  a  colorless,  viscous  oil,  which  crystallized  upon 
stirring.  Colorless  crystals,  m.p.  71-73*. 
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table  4 


Compound 

No. 


Name  of  dye 


(VI) 
(XVI) 
(XVJI) 
(VII) 
(XVII 1) 
(XI  \) 
(VMI) 
(X) 
(XII) 
(IX) 
(M) 
(XIII) 

(XIV) 

(XV) 


3 ,3’-  Diethyl-  6 ,6’  -  di-(6  -  cyanovinyl)-  ihiacarbocyanine 
ethyl  p-toliieiicsulfonate 

3 ,3'-  Diethyl-  9-  methyl-  C  ,6'-  di(6  -  cyanovinyl)-  thlacarbo- 
cyanine  ethyl  p-tolucnesulfonate 

3,3'  ,9-Triethyl-6,G'-di-(fl-cyanovinyl)- thiacarbocyaninc 
ethyl  p- toluencsulfonatc 

3, 3' -  Diethyl- 5. 5' -di-(S- cyanovinyl)-  thiacarbocyanine 
ethyl  p-tolucnesiilfonate 

3,3' -Die  thy  1-9- mclhyl-G, 5’- di-(  6 -cyanovinyl)- thiacarbo- 
cyaninc  ethyl  p- toluencsulfonate 

3.3'  ,9- Triethyl- 5,5' -di-(B-cyanovjnyl)- thiacarbocyanine 
ethyl  p-tolucnesulfonate 

1  .r-Dicthyl-6,6'-di-(0-cyanovinyl)-quinocarbocyanine 
ethyl  p- toluencsulfonatc 

3, 3'- Diethyl- f). 6' -di-(6- cyanovinyl)-  thiacarbocyanines 
ethyl  o- toluencsulfonatc 

3.3'-Dicthyl-5,{S’-di-(0-cyanovinyl)- thiadicarbocyanine 
ethyl  p-tolucnesulfonate 

3.3'-Dicthyl-6,G'-distyrylthiadicarbocyanine  bromide 

3. 3' -Diethyl- 5, 5' -distyryl thiadicarbocyanine  bromide 

3-Ethyl-.')-(3'-ethyl-G'-0-cyanovinylbenzothiazolcnylidene- 
2’-cthylidenc)-tniazolidinc-  thionc-2-one-4 

3-Ethyl-5-(3'-cihyl-5'-0-cyanovinylbenzothiazolcnylidcnc 
2'-elhylidenc)- tiiiazolidinc-thionc-2-  onc-4 

3-Et!»yl-5-(r-ethyl-G'-0-cyanovinyldihydroquinolylidene- 
2'-cthylidenc)-  thiazoIidine-thionc-2-onc-4 


Solvent  for 
crystallization 


Alcohol 

The  same 

» 

Glycol  (75  ml) 
Glycol  (60  ml) 
Pyridine 
Alcohol 


Pyridine 


The  same 


Pyridine- alcohol 
Pyridine 

Pyridine- benzene 


Found  %:  Cl  15.39,  15.40.  CnH9N2SCl.  Calculated  ^o-.  Cl  15.01. 

2-Mcthyl-5-(0 -cyano-0 -chlorocthyD-benzothiazolc  (II).  The  base  was  obtained  similarly  to  the  2-methyl- 
6-(0 -cyaiio-0 -chloroethyD-bcnzothiazole,  from  diazotized  2-methyl-5-aminobenzoihiazolc  and  acrylonitrile. 
Nitrogen  was  evolved  slov/ly.  The  mixture  was  stirred  at  room  temperature  for  5  hours.  On  the  following  day  the 
mixture  was  heated  in  a  water  bath  at  40*  and  stirred  at  this  temperature  for  1.5  hours.  During  the  chromatogra¬ 
phic  purification  of  the  base,  chloroform  was  used  as  eluent.  There  was  obtained  a  crystalline  yellow  mass,  which 
was  mixed  with  25  ml  boiling  alcohol,  and  tlie  residue  was  filtered  and  dried.  Yield  12  g  (bOfo).  The  base  was 
crystallized  from  propanol.  Yield  10.4  g  Large  lustrous  plates,  m.p.  159-lGl*.  After  a  second  crystalliza¬ 

tion  from  alcohol  and  the  application  of  bone  char,  the  melting  point  was  unchanged. 

Found  Cl  15.31,  15.34.  CnHsNaSCl.  Calculated  %  Cl  15.01. 

2-Methyl -G-0 -cyanovinylbenzothiazole  (III).  A  solution  of  11.8  g(0.05  g-rnole)  2-methyl -6-(0 -cyano- 
0 -chloroethyii-benzothiazole  in  60  ml  dry  quinoline  was  heated  1  hour  at  185-190*.  The  quinoline  was  removed 
by  steam  distillation,  and  the  residue  in  the  flask  (solid  lumps)  v.'as  pulverized,  filtered  off,  washed  with  water, 
and  dried.  Tlie  substance  did  not  contain  halogen.  The  base  was  dissolved  in  benzene  and  the  solution  v/as  twice 
chromatographed  on  aluminum  oxide.  There  was  obtained  8  g  of  white  residue  with  m.p.  136-138".  Finally,  the 
base  was  crystallized  from  50^/u  aqueous  alcohol  with  the  application  of  bone  char.  Long  colorless  needles,  m.p. 
137-138".  Yield  5.9  g  (GS'/V). 

Found  S  15.95,  16.16.  CnHgNaS.  Calculated  °Io-.  S  16.00. 
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Appearance  of 
dye 

Yield. 

Melting 

point 

Empirical  for¬ 
mula 

Foil  lid  j 

Calculated 

ele¬ 

ment 

content. 

ele¬ 

ment 

content. 

Green  crystals 

3.') 

239 -292’ 
(dccomp.) 

s 

14.80,  14..59 

S 

1.5.04 

The  same 

31) 

272-273 

(dccomp.) 

C35H32O2N4S;, 

iN 

8.58,  8.65 

N 

8.53 

Park- green  crystals 

21 

267—268 

(decomp.) 

359-36:2 

(decomp.) 
281 -282 
(dccomp.) 

^30113(^3^4^3 

N 

8.15.  8.04 

N 

8.40 

The  same 

46 

.S 

14.79,  14.72 

S 

15.04 

43 

*^'3511321^.1^45,1 

,N 

8.34,  8.42 

N 

8..58 

53 

274-275 

(decomp.) 

C3oH3j03N4S3 

8.68,  8.69 

N 

8.40 

Green  crystals 

25 

326  -329 

(’3sll3(03N4S 

N 

8.72 

N 

8.94 

The  same 

liU 

238—23!) 

(dccomp.) 

I’sc  11 32*^3 |5.» 

.N 

8.(>6.  8.76 

N 

• 

8.37 

» 

IS 

282 

(dccomp.) 

8..34.  8.;(:i 

N 

8.37 

Dark- green  crystals 

2(1 

245 

N 

4.14,  4.:r. 

N 

4.14 

The  same 

17 

(dccomp.) 

268—269 

C33!  1 35  N  2^2 13  r 

N 

4.62,  4.61 

N 

4.14 

Crystals  with  bronze 
luster 

r.i 

287-288 

1^13 11 17*^^353 

S 

24.82,  24.75 

.S 

24.56 

Red  crystals 

44 

308  -310 

s 

24.72.  24.87 

S 

24..56 

Lustrous  dark  cry¬ 
stals 

■M) 

310  312 

G21 II J9ON3S2 

1 

N 

10.1.3,  10.10 

N 

10.68 

2-Methyl-5-3 -cyanovinylbciizothiazole  (IV).  8.2  g  (0.035  g-inole)  2-methyl-5-(8 -cyano-B -cliloroeihyl)- 
benzothiazole  and  45  ml  quinoline  were  heated  2  hours  at  185-190*.  The  residue  obtained  was  dried,  dissolved 
in  chloroform,  and  chromatographed  cn  aluminum  oxide.  The  base  was  crystallized  from  benzene  and  then 
from  alcohol.  Yield  4.2  g(G0'7i>).  Colorless  crystals,  m.p.  142-143*. 

Found  S  15.96,  15.98.  CiiUgNzSj.  Calculated  S  16.00. 

G-B -Cyanovinylquinaldine  (V).  15.8  g  (0.1  g-mole)  6-aminoquinaldinc  was  diazotized  as  indicated  above. 
100  ml  acetone,  5.3  g  (0.1  g-mole)  acrylonitrile,  27.2  g  sodium  acetate,  and  5.2  g  cupric  chloride  in  12  ml  water 
was  introduced  into  the  reactor.  There  was  obtained  3  g  of  an  oil,  which  solidified  upon  cooling.  It  was  found 
that  a  mixture  of  cliloro-dcrivative  and  6-B -cyanovinylquinaldine  had  been  obtained;  therefore  without  further 
purification  the  mixture  was  subjected  to  heating  in  quinoline  for  1.5  hours  at  185-190*.  After  the  dchydrochlori- 
nation  and  chromatography  on  aluminum  oxide,  there  was  obtained  1.2  g  (4S7o)  of  the  base,  m.p.  133-136*.  Then 
the  substance  was  crystallized  from  methanol.  Yield  O.G  g(2473).  Colorless  crystals,  m.p.  140-141*. 

Found  ''k  N  14.30,  14.33.  CijU^oNj.  Calculated  k.  N  14.41. 

Ethyl -p-tolucnesulfonatc  of  2-Methyl-6-S  -cyanovinylbcnzothiazole.  2  g  (0.01  g-mole)  2-mcthyl-6-B  - 
cyanovinylbenzothiazole  and  2.5  g  (0.0125  g-mole)  ethyl  ester  of  p-toluenesulfonic  acid  were  heated  in  a  paraf- 
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fin  baih  at  145-150*  (in  the  paraffin)  for  6  hours.  The  quaternary  salt  was  dissolved  In  hot  water;  the  solution  was  ' 

washed  with  benzene,  boiled  with  bone  char,  filtered,  and  evaporated  on  a  steam  bath.  Yield  3.6  gOO^^o). 

Ethyl-p-toluencsulfonate  of  2-MethyI-5-8 -cyanovinylbenzothiazole.  2  g  2-niethyl-5-B -cyanovinylbenzothia-  i 

zole  and  2.5  g  ethyl  ester  of  p-toluenesulfonic  acid  were  heated  at  135-140*  for  5  hours.  Yield  3.7  g  (92‘7o).  i 

Dyes  1 

Thiacarbocyanines  were  obtained  under  standard  conditions.  0.8  g  (0.002  g-mole)  ethyl-p-toluenesulfonate 
of  2-methyl -8 -cyanovinylbenzothiazole,  0.8  g  ester  of  orihocarboxylic  acid,  and  4  ml  dry  pyridine  were  boiled 
12-15  minutes.  At  the  end  of  the  heating  a  thick  paste  of  crystals  precipitated.  After  cooling,  the  residue  (dye) 
was  filtered  off,  washed  with  water,  a  small  quantity  of  methanol,  and  ether,  and  crystallized  from  a  suitable  sol¬ 
vent.  The  quinocatbocyaninc  was  obtained  similarly  from  0.39  g  ethyl-p-toluenesulfonate  of  6-8 -cyanovinyl- 
qulnaldine  and  orthoformic  ester. 

Thiadicarbocyanines.  0,8  g  (0.002  g-molc)  ethyl-p-toluenesulfonate  of  2 -methyl -8 -cyanovinylbenzothia-  j 

zole  (or  correspondingly  0.9  g  ethyl-p-toluenesulfonate  of  2-mcthylstyrylbcnzothlazole),  0.25  g  (0.001  g-mole)  ' 

dianilinalonic  aldehyde  hydrochloride,  4  ml  dry  pyridine,  and  15  drops  piperidine  were  boiled  15  minutes.  In  i 

the  case  of  the  8-cyanovinyl  derivatives,  10-15  ml  alcohol  was  added  to  the  reaction  mixture.  The  precipitated  / 

residue  (dye)  was  filtered  off  and  crystallized  from  pyridine.  For  styryldicarbocyanines,  20-25  ml  alcohol  was 
added  to  the  hot  reaction  mixture,  and  the  dye  was  precipitated  by  the  addition  of  hot  aqueous  solution  of  potas-  { 

slum  bromide  and  crystallized  from  pyridine  and  then  from  alcohol. 

Dimethinemerocyanines.  0.8  g  (0.002  g-mole)  ethyl-p-toluenesulfonate  of  2-methyl-8 -cyanovlnylbenzo-  j 

thiazole  was  dissolved  in  15  ml  anhydrous  alcohol.  To  the  solution  there  was  added  0.61  g  (0.002  g-mole)  3-ethyl-  { 

5-acetanilidoincthylcne-rhodanine  and  1  ml  triethylamine,  and  the  mixture  was  heated  on  a  steam  bath  for  12- 
15  miniiics.  The  precipitated  residue  of  the  merocyanine  was  filtered  off,  washed  with  water,  methanol,  and  j 

ether,  and  crystallized.  Table  4  shows  data  on  the  synthesis  of  the  carbocyanines,  thiadicarbocyanines,  and  di-  , 

iiiethincrncrocyanincs.  | 


SUMMARY 

1.  By  the  interaction  of  benzothiazolyldiazonium  chlorides  with  acrylonitrile,  2-methyl-5-  and  2-methyl- 
C-(8 -cyano-.8 -chloroethyD-benzothiazoles  were  obtained;  after  dehydrochlorination  these  were  converted  to  2- 
methyl-5-  and  2-tnethyl-6-8 -cyanovinylbcnzothiazoles. 

•  2.  From  the  bases,  quaternary  salts  were  obtained,  and  from  the  salts, cyanine  dyes  containing  8 -cyanovinyl 

radicals  on  the  benzothiazole  tings.  Analogous  bases  and  dyes  were  obtained  from  6-aminoquinaldine. 

3.  It  was  shown  that  the  absorption  peaks  of  the  thiacyanines  obtained  differ  little  from  the  absorption  peaks 
of  the  corresponding  thiacyanines  containing  styryl  groups  on  the  benzothiazole  or  quinoline  ring. 
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Cyanine  dyes  containing  amine  and  acetylamlne  groups  on  the  heterocyclic  rings  were  described  some  time 
ago  [1  -5];  diacylamino  derivatives  up  to  now  have  been  unknown.  In  the  present  work  the  synthesis  of  a  number 
of  phthalimino  derivatives  of  thiacyanines  is  presented. 

By  analogy  with  the  synthesis  of  plithaliinidc  [6]  or  phcnylphthaliinide  [li,  phthalic  anhydride  was  melted 
witl)  aminobcnzothiazolc.s,  aminobcnzcxazolcs,  and  aminoquinolincs.  High-melting  and  well -crystallized  phthali- 
mides  were  obtained.  A  list  of  the  new  bases  which  we  synthesized  is  given  in  Table  1. 

Some  of  the  listed  bases  were  heated  with  the  ethyl  ester  of  p-tolucnesulfonic  acid  to  obtain  the  quaternary 
salts.  The  latter  upon  condensation  with  orthocarboxyl ic  esters  formed  carbocyanincs.  Table  2  shows  the  absorp¬ 
tion  peaks  (in  mp)  of  certain  phthaliinidocarbocyamines.  The  table  also  shows  for  comparison  the  absorption 
peaks  of  aminothiacarbocyamnes  [1-4]. 

From  the  data  of  Table  2  it  is  evident  that  amino  groups  on  the  5,5'-  or  6,6*-positions  of  the  thiacarbocya- 
nine  give  rise  to  a  strong  bathochromic  effect,  the  magnitude  of  the  effect  being  almost  identical  for  the  C-  and 
5-ainino  substitution  [4]. 

Acetylation  of  the  amine  group  reduces  the  mobility  of  the  electron  pair  at  the  nitrogen  atom  of  the  amino- 
group  and  thus  weakens  the  bathochromic  effect.  Further  acylation  of  the  amino  group  v/ith  the  aid  of  phthalic 
anhydride  almost  completely  binds  the  electron  pair  of  the  amino  group,  as  a  result  of  v.'hich  its  influence  on  color 
almost  disappears. 

From  the  quaternary  salts  (containing  phthalirnidc  radicals)  there  were  also  prepared  certain  styryl  dyes  and 
monomcthincthiacyanincs,  the  absorption  peaks  of  which  are  shov/n  in  Table  3. 

The  cthiodide  of  2-(p-dimethylaminostyryl)-benzothiazole  has  an  absorption  peak  at  530  mp,  and  3,3'- 
dicthylmonomeihincthiacyanine  iodide  at  422  mp.  Thus,  the  introduction  of  the  phthalirnidc  group  into  the 
molecule  of  monomethinccyanine  or  styryl  dye  causes  a  significant  shift  of  the  absorption  peak  to  the  long-wave 
region  of  the  spectrum. 

The  initial  primary  amines  of  the  nitrogen-containing  heterocyclic  bases  w’ere  prepared  by  reduction  of  the 
corresponding  nitro  compounds.  For  some  of  them  the  directions  for  synthesis  were  defined  more  precisely.  Vacuum 
distillation  of  the  amines  permitted  significant  increases  of  yields. 
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TABLE  1 


Phihalimides 


Cornponiid 

No. 

Pht.1'.alimido-d.:t(vative 

Yield,  "Jo 

Melting  point 

1'' 

1  Y'~i 

1 

(1) 

70 

21 9« 

(II) 

n  ^ 

.  .s 

1  1  1 

S2 

247 

(III) 

I  I  y 

77 

157 

(IV) 

1  II  Y 

SO 

210 

(V) 

1  II  Ir _ PH. 

r.H 

214-215 

<VI) 

.^\ _ s 

1  !  V-n 

75 

247-248 

_ 0 

I  1 

(VII) 

(U) 

2:59-240 

'VIII) 

71 

205-206 
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TABLE  2 

rhthalimidothlacarbocyanines 

- S  A  S _ 

1  +  Jc-r,n--fLcn-f!  ! 


Ilompound 

Position  of 

Absorption  peak,  nip 

No. 

Significance  of  R 

substituent 

R 

1  A=n  1 

1  A:^c,n> 

_ 

II 

_ 

500 

550 

— 

NHz 

6,r>' 

597 

— 

NllCOCIIa 

581 

— 

— 

NII2 

5..V 

590 

— 

- 

NHCOCM3 

S,5' 

577 

- 

(IX,  X) 

1 

C 

\ 

0.0' 

508 

>58 

(XI,  XII) 

5,3' 

508 

558 

TABLE  3 
Dyes 

(i)==|  j  f,’-) 


Compound 

No. 

Formula 

Signip^ance 

Absorption 
peak,  tnp 

(XIII) 

- S  11 

1  1  ✓  -  \ 

11 

538 

(XIV) 

_ 

1 

GH3 

470 

'  C2I15 

(XV) 

11-,^ - S  11  s - -/S-B 

III 

li 

445 

(XVl) 

1  11  1  Ir* _ r* _ n  1  j 

1  ^  1 

CH3 

497 

C2II5  C2lB 

The  synthesis  of  2-rnethyl-6-anntiohenzoxa7,olc  is  given  in  the  literature  [8].  The  autliors  of  this  work  re¬ 
commend  that  after  reduction  the  hot  mixture  should  be  neutralized  with  sodium  carbonate,  after  which  the  solu¬ 
tion  is  evaporated  under  vacuum.  As  indicated  by  the  authors,  the  yield  constitutes  50'7o.  We  set  up  five  experiments, 
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but  in  none  of  them  did  the  yield  of  2-mcthyI-6-amip.obf.nzoxazole  exceed  In  the  residue  there  was  a  dark 

mass  of  a  violet  color.  Probably  the  amine  is  readily  oxidized  in  the  alkaline  tnedium;  therefore,  in  subsequent 
work  the  separation  of  tlie  product  was  conducted  in  acetic  acid  medium,  v;hercupc-n  rb.e  yield  of  the  amine  reached 

45-bO'7o. 

G-Nitroquinaldinc  is  described  in  tlie  literature  [O'].  In  order  to  moderate  the  reaction  between  paraldehyde 
and  p-nitroaniline,  we  used  methanol  as  a  diluent. 

E  X  P  E  lU  Id  E  N  T  A  l> 

2-rthyl ~6-aminobcnzothiazole.  To  a  three -necked  flask,  equipped  witli  stirrer,  reflux  condenser,  and  ther- 
/nomett^,  tlierc  were  iiiuoduccd  20.8  g  of  2-ethyl -G-nitrobenzothiazole  [l<>]  and  US  ml  concentrated  hydrochloric 
acid.  The  contents  of  the  flask  were  heated  in  a  water  bath  to  55-65*,  and  19.2  g  of  spongy  tin  was  added  over 
2.5-8  hours  with  stirring.  Then  the  mixture  was  stirred  for  three  hours  at  65-70*  and  allowed  to  stand  overnight. 
After  adding  200  ml  of  water,  the  mixture  was  heated  until  the  sediment  v/as  completely  dissolved.  The  solution 
was  filtered  and  cooled;  then  excess  sodium  hydroxide  (first  tlien  407‘’)  was  added  with  stirring  until  the  tin 
salts  were  completely  dissolved.  The  gray  residue  was  filtered  off,  washed  with  cold  water,  dried,  and  vacuum 
distilled.  Yield  IG.l  gfOOfo).  B.p.  182-183*  at  2-3  mm,  in.p.  72*  (from  toluene).  Colorless  large  flakes. 

Found '7o:  N  15.00,  15.02.  C5HioN’2S.  Calculated  '1^.  N  15.73. 

2-Ethyl -G-acetylaininobcnzothiazole.  Acetic  anhydride  (10  g)  was  added  slowly  to  a  solution  of  10.6  g 
of  2-ethyl -6-annnobeuzothiazolc  in  40  ml  benzene.  The  mixture  was  heated  4  0  minutes  on  a  steam  bath,  the 
benzene  was  completely  distilled  off,  the  residue  was  peured  into  water,  and  the  precipitate  was  filtered  off  and 
crystallized  from  50'7'j  aqueous  alcohol.  Yield  9.5  g  (7270).  Colorless  prisms,  m.p.  138*. 

2-Mcthyl-G-amiuobenzothiazole.  58.2  g  of  2-ti)eihyI-6-nitrobenzothiazole  (m.p.  163-16-1*)  was  reduced 
by  50  g  of  spongy  tin  in  310  ml  hydrochloric  acid.  The  sediment  was  dissolved  in  250  ml  water,  filtered,  cooled, 
and  neutralized  (with  stirring)  with  sodium  hydroxide  solution.  About  350  ml  of  407o  sodium  hydroxide  solution 
was  required  for  neutralization  and  dissolving  the  tin  salts.  Yield  of  amine  47,2  g  (957o).  B.p.  169-171*  at  2-3 
mm;  m.p.  118-119*. 

2-MethyI-5-amii)obcnzothiazole  was  obtained  by  a  method  which  we  had  developed  previously  [11]. 

2-Mcthyl-5-Jcetylaminoheiizothiazole  was  obtained  from  16.4  g  of  the  amine  and  13  g  acetic  anhydride 
in  50  ml  benzene.  After  crystaTlization  from  a  mixture  of  65  n)l  alcohol  and  20  ml  water,  yield  19  g  (91  "/o). 
Colorless  lustrous  flakes,  m.p.  160-161*  (m.p.  157’  [12]). 

2-Methylmercapto-6-aniinobcnzothiazole.  22.6  g  of  2-methylmcrc3pto-6-nitrobcnzothiazole  [13]  and 
115  ml  concentrated  hydrochloric  acid  were  heated  in  a  water  bath  to  65-70*.  There  was  added  to  the  mixture 
with  stirring  (caution;  severe  foaming.')  a  solution  of  45  g  stannous  chloride  in  57  ml  concentrated  liydrochloric 
acid.  The  mass  was  heated  on  a  steam  bath  for  1  hour,  after  which  another  batch  of  45  g  stannous  chloride  in 
57  ml  concentrated  liydrochloric  acid  was  added,  and  heating  was  continued  for  30  minutes.  The  mixture  was 
diluted  with  300  ml  water,  heated  until  all  sediment  was  dissolved,  and  after  cooling  was  treated  with  40'7o  sodium 
hydroxide  solution.  The  amine  was  dissolved  in  methanol,  filtered,  the  solvent  was  distilled  off,  and  the  residue 
was  vacuum  distilled.  Yield  15.7  g(807o).  B.p.  185-187*  at  2-3  mm,  m.p.  109-100*.  It  was  necessary  to  conduct 
the  distillation  at  2-3  mm;  at  higher  pressures  the  amine  begins  to  decompose  severely. 

The  acetyl  derivative  was  obtained  as  indicated  above.  After  crystallization  from  alcohol,  yield  757o,  m.p. 

167*. 

2-Mctli^l-6-aminobonzoxazole.  28.2  g  of  2-mcthyl-6-nitrobenzoxazcle  [8]  was  added  in  small  portions 
to  a  boiling  mixture  consisting  of  34  g  cast-iron  filings,  90  ml  water,  and  15  ml  glacial  acetic  acid.  After  adding 
all  of  the  nitro  product,  the  mixture  was  boiled  for  1.5  hours  and  then  filtered.  The  sediment  was  washed  on  the 
filter  with  150  ml  of  hot  water.  The  aqueous  solution  was  evaporated  on  a  steam  bath.  After  drying  at  100*  the 
residue  was  extracted  three  times  with  boiling  benzene  (160  ml).  The  solution  was  filtered,  and  the  benzene  was 
boiled  off  to  a  volume  of  40  ml.  Upon  cooling  the  solution,  the  amine  precipitated.  Yield  12.4  g(537'>),  m.p. 
138-140*,  After  recrystallizing  from  benzene,  m.p.  146-147*. 
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6-Nitroquinaldine.  Into  a  two-liicr  flask  there 
were  introduced  (in  order)  70  g  of  p-nitroaniline,  750  j 

nil  methanol,  500  ml  water,  80  ml  paraldehyde,  and  i 

60  ml  concentrated  hydrochloric  acid.  The  mixture  was  ! 

refluxed  on  a  steam  bath  for  3  hours,  diluted  with  1400  i 

ml  water,  and  allowed  to  stand  until  the  following  day.  ; 

The  liquid  was  decanted  from  the  reddish-brown  oil  and  } 

neutralized  (cooling  to  11  -12')  with  150  ml  of  207o  sodium  | 

hydroxide  solution.  The  yellowish -green  precipitate  was  i 

filtered  off,  washed  with  water,  dried  at  60*,  and  crystal-  j 

lized  from  1300  ml  of  methanol.  Weight  57  g,  m.p.  164-  j 

165*.  The  mother  liquor  was  reduced  in  volume  by  distil-  1 

lation  of  900  ml  of  tire  methanol.  Upon  cooling  an  ad-  j 

ditional  11  g  of  the  nitro  product  precipitated,  with  m.p.  \ 

159-160*.  Total  weight  68  g.  Finally,  the  product  was  ' 

crystallized  from  1050  ml  alcohol,  using  bone  char  (hot  ; 

filtration.’).  Yield  52  g  (27%).  M.p.  172-173*  (m.p.  164* 

[9],  165*  [14]). 

6-Aminoquinaldine.  56.7  g  of  6-nitroquinaldine  j 

and  360  ml  concentrated  hydrochloric  acid  were  placed  i 

in  a  three -necked  flask.  The  mixture  was  heated  w'ith  | 

stirring  to  60*  in  a  water  bath  until  all  of  the  nitroquinal- 
dine  was  dissolved;  then  72  g  of  spongy  tin  was  added  in 
small  portions  over  1.5  hours,  so  that  the  mixture  tempera¬ 
ture  did  not  exceed  70*.  Tlien  the  material  was  stirred  3  ; 

hours  at  65-70*  and  allowed  to  stand  overnight.  The  sedi-  i 

nient  was  filtered  off,  pressed  on  the  filter,  dissolved  in 
900  ml  hot  v/ater,  and  filtered.  The  solution  after  cool¬ 
ing  was  neutralized  with  1500  ml  of  307o  sodium  hydroxide 
solution.  The  amine  was  filtered  off,  washed  w'ith  cold  < 

water,  and  dried.  Weight  43.7  g  (92'7£>),  m.p.  186-187*.  | 

The  product  was  crystallized  from  aqueous  alcohol  (300 
ml  alcoliol  and  600  ml  v/ater).  Yield  36.2  g(767o).  M.p. 

190-191*  (m.p.  187-188*)  [9]. 

General  Method  of  Synthesis  of  Phthalimides.  Molar 
quantities  of  the  amine  and  phtlialic  anhydride  were  heated 
to  185-140*.  At  this  temperature,  vigorous  evolution  of 
water  vapor  and  solidification  of  the  melt  v/cre  observed. 

Then  the  temperature  was  increased  until  the  product  re- 
melted  (215-230*)  and  the  mixture  was  held  at  this  tem¬ 
perature  for  3-5  minutes  until  the  evolution  of  water  va¬ 
por  had  completely  ceased.  The  still -liquid  mass  was 
poured  into  a  mortar,  pulverized,  and  washed  v/ilh  boil-  ’ 

ing  alcohol:  tlie  phthaliniide  product  was  subjected  to 
crystallization.  For  analysis,  the  preparations  were  re-  j 

crystallized  from  alcohol.  Table  4  shows  the  conditions  1 

of  synthesis  of  the  phthalimides  and  the  results  of  analysis.  • 

Ethyl -p-tolutncsulfcnatc  of  2-Mcihyl-6-phth.''.U-  ! 

midobcnzothiazole.  2.9  g  of  2-methyl-6-phthalimido-  | 

bcnzotliiazolc  and  6  g  of  the  ethyl  ester  of  p-toluenesul-  i 

fonic  acid  were  heated  in  an  oil  bath  at  150-160*  for  7  ! 

hours.  The  contents  of  the  flask  v/ere  dissolved  in  boil-  j 

ing  water,  the  aqueous  solution  was  washed  with  benzene,  t 
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boilcfJ  with  boric  char,  and  evaporated  on  a  steam  bath;  finally,  the  salt  was  heated  to  120-125’  (with  vigorous 
stirring  witli  a  thermometer  immersed  in  the  material).  Yield  4.7  g(957o). 

brhyl  p-  toliieiie.Milfoiiate  of  2-Mei!iyl-5-pI’.thaliinlJobenzothiazole  was  prepared  similarly  from  2.9  g  2- 
meihyl  •5-phihaUmid jbeiraothiazole  and  6  g  of  the  ethyl  ester  of  p-tolucncsjlfonic  acid.  Yield  4.5  g(91‘7>). 

Ethyl  p- toluenesulfonate  of  2-Ethyl-G-pliihalimidobenzothiazole.  3  g  of  2-ethyl-6-phthaIimidobcnzoihl- 
azolc  and  G  g  of  tlie  elliyl  ester  of  p-toluencsulfonic  acid  were  heated  10  liours  at  160-1G5*.  Yield  of  quaternary 
salt  4.2  g(n27o). 

Ethyl  p-ioUii'iiesulfonate  of  2-Methylmcrcap^o-6-phthalimlJobenzothi3zole.  3.2  g  of  the  base  and  6  g  of 
the  ciliyl  ester  of  p-tolucne$ulfonic  acid  were  heated  12  hours  at  150-160*.  Yield  3.9  glTG^o). 

Dyes 

d.O’-lliethyl-B.G'-diphthalimiJotliiacarbocyanine  Iodide  (liO.  A  mixture  of  0.98  g  of  the  ethyl  |>-tolucne- 
sulfoiiate  of  2-mctiiyi-G-phlhalimidoben ’.othiazole,  1  g  of  orthoformic  ester,  and  6  ml  acetic  anhydride  was  boiled 
for  15  minutes,  then  poured  into  a  hot  aqueous  solution  of  potassium  iodide.  The  precipitate  was  filtered  off  and 
crystallized  from  alcohol.  Eine  crystals  with  bronze  luster,  m.p.  220-223*.  Yield  0.23  g(29'7'5). 

i-ound  lo:  N  6.93,  6.74.  C3JH27O4N4S2I.  Calculated  lo-.  N  7.16. 

3,3’ ,9-Triethyl -G,6'-diphthalimidothiacatbocyanine  Iodide  (X).  0.98  g  of  the  tjuaternary  salt,  1  g  of  ortho- 
propionic  ester,  and  5  ml  of  acetic  anhydride  were  boiled  for  25  minutes.  The  dye  was  precipitated  by  water. 

The  viscous  mass  was  separated  and  dissolved  in  methanol,  and  the  dye  was  precipitated  by  potassium  Iodide  and 
crystallized  from  alcohol,  bine,  dark-colored  crystals,  m.p.  215-216*.  Yield  0.18  g('247o). 

l-ouiid  I0:  N  7.29,  7.23.  Calculated  7o:  N  6.91. 

3,3’-nicihyl-5,5*-diphihalimidolhiacarbocyaninc  Iodide  (XI)  was  obtained  similarly  from  0.98  g  of  the 
ethyl  p-toluencsiilfonate  of  2-methyl-5-phthalimidobenzothiazole,  1  g  of  orthoformic  ester,  and  7  ml  of  acetic 
anhydride,  bine  crystals  with  bronze  luster,  m.p.  229-230*.  Yield  0.25  g(34'7o). 

bound  N  7.00.  6.96.  C37H27O4M4S2I.  Calculated  N  7.16. 

3,3',9-Tricthyl-5,5'-diphthalimidothiacarbocyanine  Iodide  (XII)  was  prepared  similarly  to  the  dye  (X). 
bine  black  crystals,  m.p.  212-214*.  Yield  0.16  g(2ryD). 

bound  7o:  N  7.29,  7.35.  C33lI;,70.,N.7S2l.  Calculated  N  6.91. 

Ethiodidc  of  2-(p-  dimcthylaiiiinostyryl)-6-phthalinudobcnzothiazole  (XIII).  A  mixture  of  0.49  g  of  the 
ethyl  p-tolucncsnlfonatc  of  2-mclhyl-6-p!ithalimidobcnzothiazole,  0.15  g  of  p-dimcthylaminobenzaldehyde, 
and  5  ml  acetic  anhydride  was  boiled  for  30  minutes.  The  dye  was  precipitated  by  aqueous  potassium  iodide  so¬ 
lution  and  crystallized  from  alcohol.  Crystals  of  a  dark-cherry  color,  m.p.  231-233*  (decomp.). 

bound  N  7.42,  7.52.  C27l!2.tOjN3SI.  Calculated  7o:  N  7.22. 

J^iiodide  of  2-(p-Dimethylamino-8  -methylstyryl)-0-phthalimidobcnzothlazolc  (XIV)  was  prepared  under 
analogous  conditions  from  0.5  g  of  the  ethyl  p-tolucnesiilfonate  of  2-ethyl-6-phthaUmidobenzothlazole  and  0.15  g 
of  p-dimcthylaminobcnzaldchyde.  Dark-red  crystals,  m.p.  205-206*  (dcconip.).  Yield  0.14  g(23‘’/o). 

bound '7o:  N  7.01,  6.85.  CjgHzcOjNjSI.  Calculated  N  7.05 

SUMMARY 

1.  By  melting  aininobenzothiazolcs,  aminobenzoxazoles,  and  aminoquinolines  with  phthalic  anhydride,  the 
corresponding  phthalimido  derivatives  have  been  obtained. 

2.  The  bcnzoiliiazolylplithalimides  were  converted  to  quaternary  salts,  and  the  latter  to  cyanine  dyes  con¬ 
taining  phthalimide  radicals  on  the  benzothiazole  ring. 
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A.  I.  Kiprianov  and  I.  K.  Ushenko  [1]  in  1910  synthesized  cyanine  dyes  in  which  the  molecules  were  coupled 
through  the  nitrogen  atoms  by  unsaturated  chains.  These  were  called  "bis-cyanines"  by  analogy  v;ith  bis-azo  dyes. 
Considerably  later  Brookcr  and  Sprague  described  in  patents  [2-4]  the  synthesis  of  analogous  bis-cyanines.  Brooker 
[2]  noted  that  the  bis-cyanines  wliich  they  synthesized  arc  low-solubility  and  nondispersing  dyes,  which  are  suit¬ 
able  mainly  for  sensitizing  color  film.  In  numerous  patents,  Wilson  and  the  firm  Gevaert  [5,  6]  also  listed  cyanines 
coupled  by  unsaturated  hydrocarbon  chains.  Among  the  bis-cyanines  are  the  bis-thiazolocyanines  described  by 
Hensley  [7]  and  E.  D.  Sych  [8],  and  also  bis-cyanines  with  disconnected  chromophores,  synthesized  by  Schwarz  [9]. 

The  present  communication  describes  bis-cyanines  obtained  from  2,2'-dimethyldibenzothiazolylurea: 


and  also  from  the  analogous  substituted  diainides  of  dicarboxylic  acids,  where  n  =  1, 2,  3,4. 


NHC0-(CHj),^-C0HN 


The  starting  materials  for  the  synthesis  of  the  indicated  bases  were  2-mcthyl-6-ainlno-  and  2-iTicthyI-5- 
aminobenzothiazole,  which,  upon  interaction  with  phosgene  or  with  dibasic  acid  chlorides  in  benzene  solution, 
form  diamides. 


NH, 


Cl  Cl 


NHC0-CCHj);,-C0HN- 


•2HCI 


All  of  these  substituted  diamides  are  poorly  soluble  in  [ethyl]  alcohol,  and  by  comparison  readily  soluble 
in  boiling  butyl  or  isoamyl  alcohol. 
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TABLE  1 


Di-(2-rnethyIbenzoihiazolyl)-diamides 


Compound 

No. 

n 

Position 
of  substi¬ 
tuent  R 

Yield. 

7n 

Melting 

point 

I 

—  Nil— CO—IIN  — 

6.  6' 

42 

281° 

M 

-NII-CO-CO— IlN- 

6.  6' 

bG 

279 

III 

-NII-r,0-CIl2--C0--IlN- 

G.  C' 

37 

232 

IV 

-Nil  -CO  -  (C  n  .^)2-CO- 1 1 N  - 

6.  6' 

72 

260 

V 

-Nll-C.O-fCllzla-  CO-lIN  — 

6.  G' 

4G 

210 

VI 

-Nil  -CO  -(C 1 1 2)4  -  CO  -  n  N  - 

6,  6' 

41 

247 

VII 

-NH-CO-IIN  — 

5.  b' 

44 

263 

VIII 

—  Nil -CO-CO- II N-.- 

5.  5' 

60 

343 

LX 

—  N 1 1  -CO  -C 1 1 2  -CO- 1 1 N  - 

b.  5' 

33 

270 

X 

-NII-CO-(CIl2).-CO-IIN- 

5.  5' 

GO 

2b7 

XI 

-NII-CO-(Cll2)3-CO-llN  — 

b.  b' 

44 

227 

XII 

-NII-C()-(C1Io)4-CO-IIN- 

b,  b' 

Gb 

248 

TABLE  2 
Bis-thiacarbocyatjiiies 


Compound 

No. 

It 

Position  of 
substitucnl 
R 

Absorp¬ 

tion 

1  peak,  07/ 

Displace¬ 
ment  of 
absorptior 
peak,  nip 

XIII 

—  NII-CO-IIN- 

G.  6' 

b68 

410 

XIV 

—  NII-CO-CO-IIN  — 

G.  G' 

bGb 

-f  7 

XV 

— NII-CO-CH2-CO-MN- 

G.  G' 

b71 

-!-13 

XVI 

-Nil  -CO-(CIlo)2-CO— IIN  — 

G.  G' 

•bGG 

4-  8 

XVII 

—  Nil  -CO  -{C 1 1 2)3-00  -IIN- 

6.  6' 

b70 

412 

XVIII 

—  N  1 1  -CO - (C 1 1 2) , -CO  -  IIN - 

6.  G' 

b71 

413 

XIX 

-Nil -CO- IIN  — 

b.  b' 

bG7 

4  9 

XX 

-NII-CO-CO-IIN  — 

b.  b' 

bGb 

-1-  7 

X\I 

—  Nil— CO-Clb,-CO-llN  — 

b.  b' 

b70 

412 

XXII 

-  N  1 1  -  C  0  -  ( C 1 1 2  )•>  -  0. 0  - 1 1 N  — 

b.  b' 

.bGb 

-1-  ' 

XXIII 

-  N  1 1  -CO  -  (C 1 1 2)-,  -CO  -IIN- 

b.  b' 

bG8 

^-10 

XXIV 

—Nil  —CO  -(C 1 1  ..)4  CO  -  IIN  — 

b,  b' 

570 

-1  12 

The  new  diamidcs  with  an  even  number  of  njeihylene  groups  arc  higher-melting  than  those  v/ith  odd  num- 
bers(thisis  analogous  to  the  corresponding  dicarboxylie  acids).  The  symmetrical  di-(2-methylbcnzothiazolyl)- 
diainides  upon  heating  with  the  ethyl  ester  of  p-tolucncsulfonic  acid  readily  form  diqiiatcrnary  salts.  The  yields 
and  melting  points  of  the  new  bases  are  shown  in  Table  1. 

Twelve  diquaternary  salts  were  prepared  under  tlie  usual  conditions  from  the  new  bases  and  the  ethyl  csterof 
p-toluencsulfonic  acid.  These  salts  were  condensed  with  the  ethiodide  of  2-acetanilidovinylbenzothiazolc  in 


pyridine  medium.  This  reaction  gave  bis-thiacarbocyanines,  the  absorption  peaks  of  which  are  shown  in  Table  2. 
3,3-DicthyIthiacarbocyanine  iodide  has  an  absorption  peak  at  558  inp. 

From  the  data  presented  in  Table  2  it  follows  tliat  coupling  two  molecules  of  the  thiacarbocyanine  on  the 
6,6’-  or  5,5'-positions  through  dianiidc  groups  gives  rise  to  a  7-13  m;i  shift  of  the  absorption  peak  of  the  bis-cya- 
nlnc  toward  the  long-wave  region  of  the  spectrum. 

The  bis-tliiacarbocyanines  whirli  wc  synthesized  have  high  molecular  weights.  All  of  them  upon  recrystal¬ 
lization  are  precipitated  in  the  form  of  fine  crystals  which  arc  difficult  to  purify  completely.  In  view  of  these 
circumstances,  some  of  the  bis-thiacarbocyanines  were  not  successfully  isolated  in  analytically  pure  form. 

EX  PERIMENT  AL 

Malonyl  chloride  [10],  oxalyl  chloride  [11],  2-mcthyl-5-aminobcnzothiazole  [12],  and  2-methyl-6-amino- 
bcnzothiazolc  [13]  were  prepared  in  accordance  with  the  literature. 

General  Method  of  Synthesis  of  2,2’-Dimethyldibenzoihiazolylamides.  2  g  of  2-tncthyl -5-amino-  or  2- 
methyl-(»-aminobcnzothiazole  was  dissolved  in  40-50  ml  of  dry  benzene  and  the  calculated  quantity  of  the  par¬ 
ticular  dibasic  acid  chloride  (dissolved  in  5  ml  of  benzene), was  added.  The  mixture  was  heated  on  a  steam  bath 
for  3  hours.  After  cooling,  the  precipitate  was  filtered  off,  washed  with  hot  benzene,  dried,  heated  to  60-70*  with 
10^0  sodium  hydroxide,  again  filtered  off,  washed  with  warm  water,  dried,  and  subjethed  to  crystallization.  The 
2,2'-dimethyldibcnzoihiazolylamidcs  which  we  obtained  are  listed  in  Table  3. 

pi-N,N’-[2-methylbenzothiazoly'l-(6)j|-urea  (ip  2  g  of  2-methyl-C-aminobenzothiazole  was  dissolved  in 
50  ml  of  benzene  and  pliosgcne  w'as  passed  through  the  solution  with  stirring  for  10  minutes.  After  standing  for  one 
day,  the  precipitate  was  filtered  off  and  treated  as  indicated  in  the  general  method.  After  crystallization  from 
100  ml  of  butyl  alcohol,  yield  0.9  g  (42%).  White  silky  needles,  m.p.  280-281*. 

Found  lo:  N  15.62,  15.57.  C„fIi40N4S2.  Calculated  %;  N  15.81. 

l)i-N,N*-[2-mctliylbenzothiazolyl-(5)]-urea  (Vll)  was  obtained  similarly  [to  the  preparation  of  (I)]  from 
2  g  of  2-mcthyl-5-aminobcnzothiazole.  After  crystallization  from  120  ml  of  isoamyl  alcohol,  yield  0.95  g 
(44.8%).  Colorless  flakes,  m.p.  263*. 

Found  %:  N  15.50,  15.27.  Ci7Hi.iON4S2.  Calculated  %:  N  15.81. 

Di-(cthyl-p-tolucnesulfonates)  of  2,2-Dimethylbcnzothlazolylamides  were  obtained  by  heating  the  base 
(0.001  mole)  and  the  ethyl  ester  of  p-toluenesulfonic  acid  (0.005  mole)  in  an  oil  bath  at  145-150°  (oil  bath  tem¬ 
perature)  for  12  hours.  The  salt  w’astreated  with  boiling  water,  and  the  solution  was  washed  with  benzene,  boiled 
with  bone  char,  filtered,  and  evaporated  on  a  steam  bath.  Finally,  the  salt  was  heated  to  120-125°  while  stirring 
vigorously  with  a  thermometer.  The  yields  of  diquaternary  salts  reached  80-90%. 

Diethiodide  of  Di-N,N*-[2-methylbenzothiazolyl-(5)]-adipamide.  1.6  g  of  di-2-methylbenzothiazolyl-5- 
adipamidc  and  2.19  g  of  the  ethyl  ester  of  p-toluenesulfonic  acid  were  heated  at  145-150*  for  12  hours.  Yield 
2.44  g(81%).  0.7  g  of  the  di-(ethyl-p-toluenesulfonate)  was  dissolved  in  5  ml  of  hot  water,  and  the  diethiodide 
was  precipitated  by  the  action  of  potassium  iodide.  After  crystallization  from  water,  m.p.  256°. 

Found  %:  I  33.55,  33.77.  Calculated  %;  I  33.86. 

Dyes 

Bis-thiacarbocyanines  were  obtained  under  standard  conditions.  A  mixture  of  the  di-(ethyl-p-toluenesul- 
fonate)  of  the  di-(2-methylbcnzothiazolyl)-amide,  the  ethiodide  of  2-acetanilidovinylbcnzothiazole,  and  8-12 
ml  of  pyridine  was  boiled  10-15  minutes.  The  dye  was  precipitated  by  the  addition  of  hot  aqueous  potassium  io¬ 
dide  solution.  The  precipitated  dye  was  filtered  off,  washed  several  times  w'ith  water,  2-3  ml  of  alcohol,  and 
ether,  and  twice  recrystallized  from  alcoliol.  Yields  and  analytical  results  for  the  bis-thiacarbocyanines  are  pre¬ 
sented  in  Table  4.  All  of  the.  bis-thiacarbocyanines  melted  w'ith  decomposition. 
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TABLE  4 


buantiiy  of'.Quantity 
Coinpound  jcorrcspond-!^>ti,joJiJc 
kns  cli<eihyl^of  2-a(;ct 
b-foluenii-  apilido- 
fiilfonate),  .vinylben- 
zotliia- 
zolc.  g 


Mil 

XIV 

XV 

XVI 

XVIII 

XX 

XXI 
XXIII 


()■'« 

0.5 

0..5 

0.5 

0..5 

0.5 

0.5 

0.5 


0''iS 

0.57 

0.57 

0..55 

o.5:i 

0.57 

0.57 

0..'j4 


V, 

1 

Yield. 

Melting 

point 

Empirical  formula 

found 

calcu- 

lated 

40 

242'’ 

0,.j3ll,.,0,Np^S.l2 

25.(X» 

24.19 

47 

239 

('4.1lj2f\.NBS.l2 

23.72 

23.78 

24  03 

44 

211 

• '4sll  2 

24.30 

23.47 

35 

232 

c 

24.10 

23.17 

43 

153 

<M«llr,o02NoS,l2 

23.03 

22..59 

23.03 

32 

272 

('44llj2DjN(iS4l2 

23.88 

23.78 

24.20 

3'i 

19'. 

*  •!r,1^4»02N(iS4l2 

24.13 

23.47 

44 

16'. 

(’,;II  I><U2N,jS4l  2 

23.95 

22.88 

SUMMARY 

1.  By  the  action  of  phosgene  and  various  dibasic  acid  chlorides  on  2-niethyl-6-amino-  and  2-inethyl-5- 
aniinobcnzothiazole  in  benzene  solution,  twelve  new  symmetrical  di-(2-mcthylbcnzothiazolyl)-diamides  have 
been  prepared,  ITom  these,  the  corresponding  diquaternary  salts  have  been  prepared. 

2.  As  a  result  of  the  condensation  of  the  di-(cthyl-p-tolucnesulfonatcs)  of  di-(2-methylbenzotluazolyl)- 
amidcs  with  the  ethiodide  of  2-acet.anilidovinylbenzothiazole,  there  were  obtained  bis-ihiacarbocyanines  in  which 
two  simple  thiacarbocyanine  groups  arc  connected  in  the  6,6*-  and  5,5’-positions  through  a  dicarboxylic  acid 
diamidc  group. 

3.  It  was  established  lliat  the  coupling  of  two  simple  thiacarbocyanine  groups  through  the  diamidc  radical 
gives  rise  to  a  slight  bathochromic  effect. 
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In  earlier  v/ork  [Ij  a  description  was  given  of  a  polarographic  study  of  a  large  group  of  derivatives  of  1,4- 
naphthoquinone  with  substituents  in  the  2,3-positions.  Among  the  compounds  studied,  a  considerable  number  were 
obtained  for  the  first  time.  Data  on  the  synthesis  and  properties  of  these  new  compounds  are  set  forth  in  the  pre¬ 
sent  communication. 

Derivatives  of  2-amino-3-hydtoxyl-l,4-naphthoquinone  (I)  are  obtained  by  refluxing  the  2,3-oxlde  of  naph¬ 
thoquinone  with  substituted  amines  in  alcohol  or  acetic  acid  medium  [2],  In  such  reactions  it  was  possible  only 
in  the  case  of  the  sulfonamide  derivatives  [I,  R  =  C£H4SO^NH2-(4)]  to  observe  successfully  the  formation  of  the 
fntermcdi.ate  product  —  a  light-colored  dihydro  compound.  It  is  readily  oxidized  by  atmospheric  oxygen  to  the 
dark-colored  quinonc  upon  further  boiling  of  the  reaction  mixture  or  upon  recrystallization  of  the  substance.  The 
[required]  duration  of  llie  reaction  and  the  yields  of  hydroxyaminonaphthoquinoncs  depend  on  the  reactivity  of 
the  amine;  with  o-nitroaniline  the  reaction  does  not  proceed  at  all,  probably  because  of  stcric  hindrance. 


The  hydroxyaminonaphthoquinoncs  which  were  obtained  (Table,  Compounds  1-9)  have  deep  colors— from 
blue  to  dark  violet  (blue-blaclO,wiih  various  shades.  Compounds  of  this  group  arc  difficultly  soluble  in  the  usual 
solvents;  however,  owing  to  the  presence  of  the  hydroxyl  group,  they  are  soluble  in  alkalies. 


For  obtaining  derivatives  of  arninoacetaminonaphthoquinonc  (Ila,  b),  use  was  made  of  the  behavior  of  2- 
acctamino-3-chloronaphthoquinonc  in  replacing  the  chloritie  atom  by  various  amines  [3].  The  resulting  ted 
products  arc  converted  to  yellow  naphthoquinoneimidazolc  derivatives  (IVa,  b),  as  it  turned  out,  even  upon  pro¬ 
longed  refluxing  in  a  high-boiling  solvent.*  This  may  be  represented  schematically  as: 

X 


COCHj 


(Ha.  b)  Red 


0 


-H.n 


0 

(IVa,  b)  Yellow 


^  A 


X  =  S0jNHj,C00H 

•According  to  Fries  [4],  cyclization  takes  place  upon  boiling  the  analogous  aniline  derivative  in  alcoholic  caustic 
solution  or  upon  heating  it  to  the  melting  point. 
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Properties  of  Derivatives  of  2- Amino-3-Hydroxyl- 1 ,4-naphth<xiuinone^ 


Prep. 

No. 

Substituents  in  for- 

Reaction 

time,  hr 

Yield. 

°Jo 

Melting 

point 

mula  of  1,4- naph¬ 
thoquinone 

Appearance 

formula 

found 

calcu¬ 

lated 

1 

2-o-Clilorophenyl- 

ainino-3-hydroxy- 

9 

25 

189* 

Reddish-violet 

needles 

CiiHioOsNCl 

4.78 

4.66 

2 

2-p-Chlcrophcnyl- 

amino-3-hydroxy- 

6 

40 

260 

Violet  plates 

C,5nio03NCl 

4.83 

4.66 

3 

2-(2 ,4-Dichloro- 
phc.nylamino)-3- 
hydioxy- 

24 

40 

241-242 

Dark -violet  with 
brown  tinge 

C,cH.p3NCl2 

4.19 

4.17 

4 

2-p-  Methoxyphenyl- 
amino- 3- hydroxy- 

4 

45 

i 

194 

Dark-violet  plates 

C17H13O4N 

4.83 

4.74° 

5 

2-  0-  Mcthoxyphcnyl- 
amino-3- hydroxy- 

2 

45 

180-187 

Dark-violet  cry¬ 
stals 

C^HijO^N 

4.82 

4.74° 

6 

2-p-Sulfonamido- 

phcnylamino-3- 

hydroxy- 

8 

40 

306 

Blue  crystals 

C16H12O5N2S 

7.76 

8.16 

7 

2-p-Carboxyphenyl- 
amino-3- hydroxy- 

3 

63 

306 

(effer¬ 

vesces) 

Violet  needles 
(fibers) 

CwHuOsN 

4.67 

4.53<^ 

8 

2-p-Nitrophenyl- 
amino- 3- hydroxy- 

30 

5 

>  320 
(docs  not 
melt) 

Claret  plates 

9.23 

9.00° 

9 

2-m-Nifrophenyl- 
amino- 3- hydroxy- 

20 

5 

293-294 

Brownish- claret 

^icHioOsNz 

10.17 

9.0 

‘'‘Difficiiltlysoluble  ill  alcohol,  j^lacial  acetic  acid,  benzene,  acetone, 
bpound  ‘k  OCH3  10.37.  Calculated  OCH3  10.51. 

‘^I-oiind  ‘7o;  OCII3  10.46.  Calculated  ‘7o:  OCH3  10.51. 

‘^Found  <70:  C  65.78;  11  3.r>l.  Calculated  '7o:  C  66.02;  H  3.56. 

®Found  fen  C  61.85;  11  3.29.  Calculated  C  61,93;  H  3,23. 

In  addition,  in  this  work  there  was  carried  out  the  reductive  acetylation  of  certain  derivatives  of  l,4-n3ph- 
thoquinone. 

EXPERIMENTAL 

2-(2,4-Pichlo'rophcnyl)-amino-l ,4 -naphthoquinone.  To  a  boiling  solution  of  1.75  g(0.01  g-inole)  of  2- 
hydroxynaphthoquinone  in  15  ml  of  ethanol  there  was  added  1.64  g  (0.01  g-molc)  of  2,4-dichloroaniline.  After 
38 -hour  refluxing  of  the  reaction  mixture,  the  precipitate  was  filtered  off  and  washed  with  alcohol.  Weight  0.7  g 
(21‘7o).  From  glacial  acetic  acid,  orange  needles  with  m.p.  203’.  The  substance  is  difficultly  soluble  in  alcohol, 
readily  soluble  in  glacial  acetic  acid. 

Found  fo:  N  4.40.  Ci6H302NCl2.  Calculated  N  4.40. 

2 - p-Stil fonamidophenyl amino -3 -hydroxyl -1 ,4 -naphthoquinone.  1.74  g(0.01  g-mole)  of  naphthoquinone 
oxide  and  1.72  g  of  sulfanilamide,  after  1  hour  refluxingin  alcohol  solution,  gave  0.75  g  of  blue  precipitate  with 
m.p.  302’.  Upon  further  refluxing  of  the  mother  liquor,  a  whitish  residue  of  the  dihydro  compound  was  precipitated 
(1  g  in  8  hours);  this  upon  refluxing  in  glacial  acetic  acid  was  converted  to  the  quinone.  Yield  about  dO"/®,  m.p. 
306*.  Blue  crystalline  substance,  very  difficultly  soluble  in  alcohol,  glacial  acetic  acid,  benzene,  or  acetone. 
Readily  soluble  in  sodium  hydroxide  solution. 

In  an  analogous  manner,  there  were  prepared  derivatives  of  naphthoquinone  with  o-  and  p-chloronniline, 
dichloroaniline,  o-  and  p-anisidine,  p-aminobenzoic  acid,  and  in-  and  p-niiroaniline.  Data  on  these  substances 
are  shown  in  the  table. 

2653 


2-p-Sulfonaniiclophcnylamino-3-acctaniino-l ,4 -naphthoquinone.  To  a  boiling  solution  of  1  g  acetamino- 
chloronaphthoquinone  in  20  ml  butyl  alcohol  there  was  added  0.60  g  of  diethylaniline  and  0.65  g  of  sulfanilamide. 

The  solution  gradually  darkened,  becoming  dark-red,  and  a  violet-red  residue  w'as  precipitated.  After  5  hour  re¬ 
fluxing  of  the  reaction  mixture,  the  precipitate  v/as  filtered  off  and  washed  with  hot  alcohol.  Weight  0.8  giSS^o), 
m.p.  272*  (from  glacial  acetic  acid;  red  scales).  Very  difficultly  soluble  in  alcohol,  benzene,  acetone,  or  glacial 
acetic  acid.  Rather  difficultly  soluble  in  nitrobenzene  (0.1  g  in  6  ml  nitrobenzene).  This  sulfanilamide  derivative 
melted  at  272*  if  the  capillary  containing  the  substance  v/as  placed  in  a  metallic  block  which  had  been  preheated 
to  this  temperature.  Upon  prolonged  gradual  heating,  the  substance  above  270*  turned  from  red  to  yellow  and  did 
not  melt  upon  further  heating  even  at  340*. 

Hound  lO.CG.CjgHjsOsNjS.  Calculated  %  N  10.90. 

1- p-Sulfonamidophcnyl-2-methyl-naphthimidazolc-4,9-quinone  (IVa).  Obtained  by  heating  the  above- 
described  compound  at  230-260*  for  20-30  minutes.  The  red  crystalline  substance  was  thereby  converted  to  a 
yellow  product  (quantitative  yield).  From  nitrobenzene,  a  yellow  fine-crystalline  powder  (elongated  rhombic), 
not  melting  even  at  340",  insoluble  in  the  usual  solvents,  difficultly  soluble  in  nitrobenzene. 

Found  7o:  N  11.25.  C18H13O4N3S.  Calculated  7<j:  N  11.44. 

2- p-Carboxypfienylamino-3-acctamino-l, 4-naphthoquinone  (Ilb).  1.3  g  (0.005  g-mole)  of  acetaminochloro- 
naphthoquinone  and  0.7  g  of  diethylaniline  in  50  ml  of alcoholwas  refluxed  with  0.7  g  of  p-anunobenzoic  acid. 

After  cooling  the  solution,  a  red  precipitate  was  filtered  off;  this  after  boiling  twice  with  20  ml  of  alcohol  had 

a  dark-raspberry  color  (plates).  After  two  recrystallizations  from  alcohol  (from  100  ml)  there  remained  0.3  g 
(2(flo)  of  the  dark-raspberry  product.  The  substance  shriveled  and  grew  lighter  at  200",  but  did  not  melt. 

Found  7o:  N  7.11;  C  63.63;  11  5.05.  C15U14O5N2  ’  C2M5OH.  Calculated  %  N  7.07;  C  63.30;  H  4.90.  C15U14O5N2. 
Calculated  "k  N  8.0. 

After  drying  over  boiling  xylene  to  constant  weight,  found,  N  8.47.  Apparently  the  substance  upon  drying 
loses,  besides  a  molecule  of  alcohol,  a  molecule  of  water,  and  is  partially  cyclized.  For  the  cyclized  product,  7o: 

N  8.44. 

1- p-Carboxyphenyl-2-methylnaphlhimidazolc-4,9-quinone  (IVb).  Obtained  by  carrying  out  the  condensa¬ 
tion  of  acctaminochloronaphthoquinone  with  p-aminobenzoic  acid  in  butyl  alcohol  with  prolonged  refluxing  of 
the  reaction  mixture  (in  [ethyl]  alcohol  the  reaction  proceeds  very  slowly  and  with  low  yield).  The  fine  crystal¬ 
line  light-yellow  precipitate  was  filtered  from  the  hot  solution.  Difficultly  soluble  in  alcohol.  Yield  low. 

M.p.  317’  (from  glacial  acetic  acid).* 

Found  ’’k  N  8.65.  C19U12O4N2.  Calculated  N  8.44. 

2- Ethylphcnylamino-3-acctamino-l  ,4 -naphthoquinone.  0.65  g  (0.0025  g-mole)  of  acetaminochloronaph- 
thoquinone  in  25  ml  of  alcohol  was  refluxed  with  0.3  g  of  diethylaniline  and  0.28  g  of  ethylaniline  for  50  hours. 

The  solution  gradually  acquired  a  violet  color  with  a  reddish  tinge.  The  precipitate  (formed  upon  cooling)  was 

a  mixture  of  brownish -red  plates  and  yellow  plates  (initial  material).  Weight  0.32  g.  After  several  rccrystalliza- 
tions  from  alcohol,  the  precipitate  still  was  not  homogeneous  (0.18  g),  m.p.  162*.  The  yield  of  2-ethylphcnylamino- 
acetamino-naphthoquinone  was  very  lovr.  The  substance  was  very  readily  soluble  in  alcohol,  acetone,  benzene, 
or  ether,  giving  a  violet  color.  For  purification  it  was  necessary  to  evaporate  a  solution  and  to  pick  out  (under  a 
magnifying  glass)  the  violet-red  needles  of  the  ethyl  derivative  from  the  crystals  of  the  original  substance. 

Found  7o:  N  8.68.  CjoHigOsNj.  Calculated  N  8.37. 

Reductive  Acetylation  of  2-Amino-3-chloronaphthoquinone.  Preparation  of  l,4-Diacctox^-2-acetamino- 
3-chloronap!iiiiaIeiie.  2.4  g(0.oi4  g-mole)  of  2-amino“3-chloro-l ,4-n3phthoquinone  and  0.1  g  of  anhydrous  so¬ 
dium  acetate  were  refluxed  with  10  ml  of  acetic  anliydride  and  1.5  g  of  zinc  dust  (added  in  portions)  until  tlie 
solution  was  decolorized  (about  12  hours).  From  the  solution  3.8  g  (907>)  of  product  was  separated,  v/ith  m.p. 
154-156*.  After  two  recrystallizations  from  alcohol  —  colorless  crystalline  substance  (hcxahedral  prisms)  with 
m.p.  158-159*.  Readily  soluble  in  alcohol  or  glacial  acetic  acid. 


•  hi  contrast  with  the  sulfonamide  derivative,  which  v.-as  insoluble  in  the  usual  solvents. 
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Found  '-P.  N  4.18.  CigHuOsNCl.  Calculated  N  4.17. 

1 .4- Diacc.toxy-2-p-acetylsulfonan)idophenylannno-3-chloion3plithalcne  was  obtained  as  dc'crlbed  above, 
from  2-p-$ulfonaniidopbcnylarnino-3-cliIoro-l, 4-naphthoquinone  [5]  after  5  hour  refluxing  of  the  reaction  mix¬ 
ture.  Yield  good,  ni.p.  138-139*  (colorless  hcxahedral  plates,  from  alcohol).  The  substance  dissolved  readily 
in  dilute  sodium  hydroxide  solution;  the  solution  rapidly  became  rose-  colored  (saponification  and  oxidation  pro¬ 
ceeded  more  rapidly  than  for  the  above-  mentioned  substance).  Upon  acidifying  the  solution,  a  rose-colored  pro¬ 
duct  v/as  precipitated. 

Found  N  5.73.  C22H15O7M2CIS.  Calculated  N  5.94. 

1.3.4 - Triacetoxy-2-cthjlphei^laminonaphtlialepe.  Obtained  from  2-ethylphenylamino-3-hydroxynaphtho- 
quinone-1,1  [6]  after  0  hour  refluxing  of  tlie  reaction  mixture,  as  described  above.  From  alcohol  after  several  rc- 
crystallizations  —  eolorlcss  crystals  with  m.p.  170-171*,  yield  2079.  Readily  soluble  in  alcohol  or  glacial  acetic 
acid. 

Found  1(r.  N  3.40.  Cz^HiaOgN.  Calculated  7®:  N  3.46. 

SU  MMARY 

A  number  of  2,3-substituted  derivatives  of  1,4-naphthoquinone,  not  previously  described  in  the  literature, 
have  been  prepared. 
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REACTIONS  OF  HALOMETAL  ALCOHOLATES 


I 

VIII.  CONTROL  OF  ORGANOMAGNESRIM  REACTIONS 

I.  I.  Lapkin  and  M.  N.  Rybakova 
Perm  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  3Q,  No.  8, 
pp.  2674-26'l7,  August,  1060 
Original  article  submitted  July  18,  1959 


As  a  result  of  previous  investigations  [l-Sj  devoted  to  a  study  of  the  reactions  of  halometal  alcoholates  vrith 
esters,  it  was  in  particular  established  tliat  halomagnesium  alcoholates  of  tertiary  aliphatic  and  aliphatic-aroma- 
tic  alcohols  upon  interaction  with  esters  (ethyl  formate  or  diethyl  oxalate)  are  converted  to  unsaturated  hydrocar¬ 
bons. 

However,  there  remained  an  unanswered  question  as  to  the  influence  on  the  course  of  this  reaction  exerted 
by  side  groups  attached  to  the  phenyl  or  naphthyl  radical,  especially  by  those  containing  atoms  of  oxygen,  nitro¬ 
gen,  sulfur,  etc.,  with  their  uiisliarcd  electron  pairs.  In  Uicse  cases  it  is  possible  to  form  an  additional  bond  between 
these  elements  and  the  magnesium  atom,  which  has  a  stabilizing  action  on  the  halomagnesium  alcoholates,  hind¬ 
ering  their  conversion  to  unsaturated  hydrocarbons. 

In  order  to  clarify  this  question,  a  study  was  made  of  the  reaction  between  esters  and  halomagnesium  alco¬ 
holates  of  tertiary  aliphatic-aromatic  alcohols  containing  alkoxy  groups  on  the  second  or  fourth  carbon  atom  of 
the  naphthyl  radical. 

The  properties  of  the  aliphatic-aromatic  alcohols  whicli  we  synthesized  for  this  purpose  are  listed  in  Table  1. 

In  all  cases  the  halomagnesium  carbinolates  of  the  alcohols  enumerated  in  the  tabic  are  converted  smoothly 
(under  the  action  of  esters)  to  unsaturated  hydrocarbons  (Table  2),  which  attests  to  the  wider  limits  of  applicability 
of  this  reaction. 

Since  halomagnesium  carbinolates  are  the  final  products  of  many  organomagnesiurn  reactions,  the  established 
fact  of  their  easy  convertibility  to  unsaturated  hydrocarbons  under  the  action  of  esters  can  be  used  for  control  of 
these  reactions. 

This  possibility  was  demonstrated  in  the  instance  of  organomagnesiurn  compounds  listed  in  Table  1,  with 
acetophenone.  By  the  addition  of  esters  (ethyl  formate  or  dictliyl  oxalate)  the  reaction  v;as  directed  toward  the 
formation  of  unsaturated  hydrocarbons  instead  of  tertiary  alcohols  (Table  3). 

EX  PERIMENTAL 

Synthesis  of  tlic  tertiary  aliphatic-aromatic  alcohols  (7'ablc  1)  was  carried  out  under  the  usual  Grignard 
reaction  conditions.  The  second  component  (acetone)  was  used  in  50'7o  excess.  Since  the  bromine  derivatives 
of  alkoxynaphthalenes  have  relatively  low  solubility  in  anhydrous  ether,  the  reaction  was  carried  out  in  ether- 
benzene  (1  :1)  medium.  Purification  of  the  material  was  carried  out  by  recrystallization  from  petroleum  ether. 

The  general  conditions  for  conducting  the  reactions  between  tlie  bromomagnesium  carbinolates  of  the  tertiary 
alcohols  and  ethyl  formate  were  as  follows:  To  the  tertiary  alcohol,  dissolved  in  three  volumes  of  anhydrous  ether, 
there  was  added  an  ether  (three  volumes)  solution  of  cthylmagnesium  bromide  (content  of  ethylmagnesium  bromide 
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was  determined  by  titration  with  hydrochloric  acid).  To 
the  ether  solution  of  the  bromomagncsiuni  carbinolate  thus 
prepared,  there  was  added  an  equinioleeular  quantity  of 
ethyl  formate,  dissolved  in  an  equal  volume  of  anhydrous 
ether.  The  reaction  mixture  w'as  heated  3  hours  and  de¬ 
composed  by  water  and  10%^  acetic  acid.  Purification  of 
the  reaction  product  (unsaturated  hydrocarbon)  was  accom¬ 
plished  by  vacuum  distillation.  In  view  of  the  tendency 
of  the  unsaturated  hydrocarbons  to  polymerirx,  tlie  first 
distillation  usually  left  a  certain  quantity  of  polymer  in 
the  flask. 

Control  of  the  reactions  between  alkoxynaphthylmag- 
ncsium  bromides  and  acetophenone,  with  the  aim  of  ob¬ 
taining  an  unsaturated  hydrocarbon  instead  of  a  carbinol, 
was  carried  out  as  follov/s:  After  mixing  the  ether  solution 
qf  the  orgariomagncsium  compound  and  the  acetophenone, 
the  reaction  mixture  was  heated  1  hour  and  then  an  ether 
solution  (1 :1)  of  ethyl  formate  or  diethyl  oxalate  was  added 
to  it.  The  reaction  mixture  was  again  heated,  this  time 
for  2  hours.  After  deeomposition  of  the  mixture  by  water 
and  10”/o  acetic  acid,  the  ether  layer  was  washed  with  10°Io 
sodium  bicarbonate  solution  and  then  with  water  to  neutral 
reaction,  the  solvent  was  distilled  off,  and  the  reaction  pro¬ 
duct  was  vacuum  distilled  and  recrystallized  from  ethanol 
or  methanol. 
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SUMMARY 

1.  A  study  has  been  made  of  the  reaction  between 
esters  (ethyl  formate  and  diethyl  oxalate)  and  halomagnc- 
sium  alcoholates  of  tertiary  aliphatic-aromatic  alcohols 
containing  alkoxy  groups  connected  to  the  second  or  fourth 
carbon  atom  of  the  naphthyl  radical.  It  was  established 
that  the  product  of  interaction  is  an  unsaturated  compound 
with  the  same  carbon  skeleton  as  in  the  original  tertiary 
alcohol. 

2.  The  possibility  has  been  established  of  control¬ 
ling  the  reaction  between  organomagnesium  compounds 
and  ketones  in  the  direction  of  forming  unsaturated  com¬ 
pounds  in  place  of  carbinols. 

3.  A  number  of  new  alkoxy-substituted  carbinols 
and  unsaturated  compounds  have  been  synthesized;  these 
have  not  been  reported  previously  in  the  chemical  litera¬ 
ture. 
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REACTIONS  OF  HALOMETAL  ALCOHOLATES 

IX.  INTERACTION  OF  ESTERS  OF  KETO  ACIDS 
Wn'H  HALONUGNESIUM  ALCOHOLATES 

I.  I.  Lapkin  and  N.  A.  Karavanov 
Penn  State  University 

Translated  from  Z.hurnal  Obshchei  Khimii,  Vol.  30,  No.  8, 

pp.  2677-2680,  August,  1960 

Original  article  submitted  July  24,  1959 

In  a  series  of  previous  articles  [1-3]  a  method  was  described  for  obtaining  esters  of  secondary  a-hydroxy 
acids  based  on  the  interaction  of  arylmagnesium  halides  with  oxalic  esters,  taken  in  equimolecular  quantities. 

A  study  of  the  mechanism  of  this  reaction  [4]  led  to  establishing  the  actual  cause  of  the  formation  of  these 
compounds,  namely  that  the  initially  formed  complex  conipound,  being  unstable,  is  decomposed. 

The  analogous  complex  compound  which  results  from  the  reaction  of  alkylmagneslum  bromides  with  oxalic 
esters  is  more  stable;  it  is  decomposed  to  the  same  type  of  products,  but  only  at  a  higher  temperature  (110-120*) 
[5> 

Establishing  the  mechanism  of  this  reaction  makes  it  possible  to  predict  that  the  interaction  of  esters  of 
a-keto  acids  with  halomagneslum  alcoholates,  when  there  is  formed  a  similar  complex  compound  with  the  same 
degree  of  thermal  stability  and  decomposing  according  to  the  same  equation,  must  result  in  the  formation  of 
esters  of  secondary  a-hydroxy  acids. 
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The  experimental  investigation  described  in  the  present  article  confirms  this  hypothesis. 

Upon  heating  halomagnesium  alcoholates  with  arylglyoxalic  esters  in  ether  solution  (b.p.  40-42*)  and  with 
alkylglyoxalic  esters  in  toluene  (mixture  b.p.  115-120"),  as  a  result  of  reduction, esters  of  secondary  a-hydroxy 
acids  are  formed  with  very  high  yields,  exceeding  907<>. 

In  general,  esters  of  a-keto  acids  arc  reduced  under  exactly  the  same  conditions  as  those  under  whieh  esters 
of  a-hydroxy  acids  are  formed  from  otganomagnesium  compounds  and  oxalic  esters. 

Of  the  esters  of  a-keto  acids,  only  esters  of  the  type  ArCn2CC)COOR,  as  established  in  the  instance  of 
CgH5CH2COCOOC2H5,  are  not  reduced  by  halomagnesium  alcoholates  cither  in  ether  or  in  toluene  solution.  In 
all  probability,  decomposition  of  the  resulting  complex  required  a  high  temperature  of  heating. 
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Ill  contrast  to  the  esters  of  a-keto  acids,  the  esters  of  0 -keto  acids  are  not  reduced  by  haloniagncsiiim  al- 
coli()latcs.  The  products  of  iiiteracticn  of  these  reactants  are  halomagnesiuiTi  alco’iolatcs  of  the  cnol  form  of  the 
esters  of  the  0  -koto  acids. 

The  complex  compound  formed  by  esters  of  y-keto  acids  and  halomagnesium  alcoholates  is  stable  and  is 
not  decomposed  at  the  boiling  tempciature  of  the  ether  solution;  this  leads  (after  hydrolysis)  to  regeneration  of 
the  initial  ertcr  of  the  acid. 

Under  these  same  conditions,  the  reduction  of  the  ethyl  ester  of  3 -bcnzoylacrylic  acid  likewise  docs  not 
take  place;  this  fact  is  apparently  characteristic  in  general  for  esters  of  acids  of  the  type  ArCOCH  =  CII-COOH. 

Tlie  results  of  the  investigation  are  set  forth  hi  the  table. 

I  luis,  halomagnesium  alcoliolates  ate  excellent  reducing  agents  for  esters  of  a-keto  acids.  In  this  respect 
they  surpass  aluminum  isoprupylatc ,  which  is  used  for  reducing  esters  of  these  same  acids  by  the  Meerwein-Ponn- 
dorf  method.  In  addition,  the  conditions  of  operation  w'ith  halomagnesium  alcoholates  arc  more  convenient  than 
with  aluminum  alcoholates. 

EXPERIMENTAL 

The  reduction  of  esters  of  aromatic  a-keto  acids  to  esters  of  a-hydroxy  acids  by  the  action  of  halomagnesium 
alcoholates  was  carried  out  under  such  conditions  as  proved  to  be  general  for  these  reactions. 

To  the  particular  alcoliol  (the  same  as  that  forming  the  keto  ester  in  question)  there  was  adder!  an  ether 
solution  (3  volumes)  of  alkylmagnesium  halide,  taken  in  somewhat  lower  quantity  (the  content  of  alkylrnagnesium 
halide  in  the  ctlier  solution  was  determined  by  hydrolysis  with  water  and  then  titration  with  hydrochloric  acid). 

To  the  solution  of  halomagnesium  alcoholate  thus  obtained,  there  was  added  half  the  equivalent  quantity  of  the 
ester  of  the  o-kelo  acid  (usually  0.2  mole  of  the  alcoholate  and  0.1  mole  of  the  ester  were  taken)  dissolved  in 
two  volumes  of  anhydrous  ether,  and  the  reaction  inixture  was  refluxed  for  3  hours.  After  decomposition  with  water 
and  then  with  10'7u  acetic  acid,  the  ether  layer  was  washed  successively  with  water,  10'7»  sodium  bicarbonate  solu¬ 
tion,  and  again  with  water  to  neutral  reaction,  dried  with  calcined  sodium  sulfate,  and  the  solvent  was  distilled 
off.  The  ester  of  a  hydroxy  acid  remaining  in  the  flask  was  relatively  pure  and  usually  distilled  within  very  nar¬ 
row  temperature  limits.  Practically  complete  reduction  occurred.  The  yields  indicated  in  the  table  were  deter¬ 
mined  by  the  Oil  content  of  the  crude  product. 

For  the  purpose  of  identification,  the  esters  of  the  a-hydroxy  acids  were  saponified  with  lO^o  alcoholic  KOH. 

In  reducing  the  esters  of  aliphatic  a-keto  acids,  tlie  diethyl  ether  was  replaced  by  toluene;  this  was  accom¬ 
plished  by  adding  anhydrous  toluene  to  the  reaction  mixture  and  then  distilling  off  the  ether.  The  same  refluxing 
time  (3  hours)  was  used  for  the  toluene  solutions. 

The  reactions  between  halomagnesium  alcoholates  and  the  esters  of  8  -  and  y-keto  acids  were  carried  out 
under  analogous  conditions. 

SUMMARY 

1.  The  reaction  between  halomagnesium  alcoholates  and  esters  of  a- keto  acids  has  been  studied.  It  was 
established  that  the  interaction  gives  the  same  complex  compound  which  arises  from  the  interaction  of  organo- 
magnesium  compounds  with  eqnimolecular  quantities  of  oxalic  esters,  having  the  same  degree  of  thermal  stabi¬ 
lity  and  decomposing  upon  heating  with  the  formation  of  aldcliydcs  and  halomagnesium  alcoholates  of  esters  of 
secondary  a-hydroxy  acids.  The  best  conditions  have  been  found  for  the  reduction  of  esters  of  aromatic  and 
aliphatic  a- keto  acids. 

2.  This  method  is  not  applicable  to  the  reduction  of  esters  of  3 -keto  acids  (they  form  halomagnesium  al¬ 
coholates  of  the  cnol  form)  or  of  saturated  or  unsaiurated  y-keto  acids  (tlie  complex  compound  is  not  decomposed 
upon  heating  in  ether  solution. 
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Many  examples  of  conversion  of  quaternary  ammonium  salts  containing  the  NH  group  into  bipolar  ions  (be¬ 
taines)  have  already  been  studied.  The  conversion  has  also  been  described  for  the  sulfoninm  salts  whose  structure 
is  analogous  [1],  Up  to  now,  however,  bipolar  ions  have  not  been  obtained  from  onium  salts  of  the  aromatic  series 
containing  an  acylamino  group  in  the  ortho  position  to  the  onium  atom.  We  therefore  synthesized  the  sulfonium 
salts  (I),  established  the  possibility  of  converting  them  to  betaines  (II),  and  examined  the  properties  of  the  latter. 
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Our  experiments  showed  that  salt  (la)  is  converted  with  facility  into  the  bipolar  ion  (Ila)  when  an  aqueous 
alcoholic  solution  of  ammonia  is  added  to  it.  Formation  of  betaine  (lib)  goes  with  more  difficulty:  the  compound 
comes  down  from  the  solution  in  low  yield  when  salt(Ib)  is  treated  with  concentrated  alkali  solution.  Betaine 
(lie)  is  also  formed  with  relative  difficulty.  Hence  the  conversion  into  bipolar  ions  of  sulfonium  salts  of  structure 
(I)  does  not  by  any  means  proceed  with  greater  facility  than  in  the  case  of  the  para  isomers  [2].  On  this  basis  we 
can  conclude  that  the  influence  of  the  positively  charged  sulfur  atom,  through  the  inductive  effect,  on  the  mobility 
of  the  proton  in  the  NH  group  is  small;  the  mobility  is  influenced  by  the  acyl,  and  possibly  by  the  conjugation  de¬ 
veloped  with  tlie  dimethylsulfonium  group  [3]. 

The  properties  of  the  bipolar  ions  (II)  obtained  are  characteristic  of  compounds  of  this  class.  They  arc  vividly 
colored  and  insoluble  in  nonpolar  solvents;  with  the  exception  of  the  3,5-dinitroben'zoyl  derivative,  in  the  fused 
state  they  readily  undergo  the  previously  described  rearrangement  [2,  4]  to  N-methylanilides  (III).  The  structiue 
of  the  product  of  rearrangement  of  betaine  (Ila)  was  confirmed  by  alternative  synthesis. 

Rearrangement  proceeds  equally  easily  with  betaines  (II)  and  their  para  isomers.  The  nature  of  the  acyl  ap¬ 
parently  does  not  appreciably  influence  the  ease  of  isomerization.  However,  if  the  process  is  carried  out  in  pre¬ 
sence  of  substances  containing  a  nucleophilic  center,  the  structure  of  the  acyl  governs  the  direction  of  the  conver- 
sion.  In  presence  of  8 -naphthol. only  betaine  (Ila),  containing  the  acyl  of  p-nitrobenzcnesulfonic  acid,  undergoes 
•  Due  to  redistribution  of  the  electron  density,  the  proton-deficient  nitrogen  atom  boars  only  part  of  the  anionic 
charge.  In  betaine  (Ilb),  for  example,  the  greater  part  of  the  charge  is  in  all  probability  located  at  the  oxygen 
atom  of  the  CO  group. 
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Isomerization.  By  contrast  the  bipolar  ion  (lib)  does  not  undergo  rearrangement  but  exerts  an  alkylating  action; 
the  products  are  methyl  8 -naphthyl  ether  and  the  p-nitrobenzoyl  derivative  of  o-thioanisidine.  A  similar  process 
is  observed  when  8 -naphthol  is  fused  with  isomeric  bipolar  ions  containing  onium  and  azeniate  atoms  in  the  para 
position. 

The  differences  in  behavior  of  betaines  of  these  two  types  may  be  explained  in  terms  of  the  different  degrees 
of  nuclcophilicity  of  the  anionic  center  of  the  niolccule.  Nitxobcnzoyl  derivatives  react  with  6-naphthol  with  ad¬ 
dition  of  a  proton;  in  consequence  the  nietliyl  cation  attacksthe  oxygen  atom  of  the  naphtholatc  ion  with  formation 
of  nerolin  (cf.  [5]). 
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In  the  case  of-nitrobenzoylsulfonyl  derivatives,  the  ftimcthylarylsulfonium  naphtholatc  is  not  formed  due  to 
the  ease  of  detachment  of  the  proton  in  the  SOiNH  group;  therefore  the  reaction  proceeds  normally  in  presence 
of  naphthol,  i.e.,  the  betaine  isomerizes. 

The  bipolar  ion  (lie)  — a  derivative  of  3,5-dinitrobenzoic  acid  —  could  not  be  made  to  undergo  rearrange¬ 
ment  since  it  broke  down  when  fused. 


EX  PERIMENT A  L 

o-Thiomethoxyanilide  of  4-nitrobcnzenesulfonic  acid  [o-(4 -nitrobenzenesulfamino)-thioanisole].  The  com¬ 
pound  was  prepared  by  interaction  of  o-thioanisidine  with  p-nitrobcnzenesulfochloride  in  pyridine.  Pale-yellow 
plates  (from  alcohol)  with  rn.p.  158-159*,  soluble  in  benzene,  less  readily  soluble  in  ether. 

Found  N  8.f.7,  8.45.  C,3Fli204N2S2.  Calculated  %  N  8.6-4. 

Dimethyl -[|^-(4-nitrobcnzcnesulfamino)-phcnyl]-sulfonium  benzenesulfonate  (la).  Yellowish-white,  hexa¬ 
gonal  plates  (from  alcohol)  with  rn.p.  182-183*,  sparingly  soluble  in  hot  water. 

Found  °!o:  N  5.55,  5.51.  C20H20O7N2S3.  Calculated  N  5.6-4. 

Dimethyl[o-(4-nitrobenzenesulfamino)-phcnyl]-sulfonium  betaine  (Ila).  The  compound  came  down  when 
concentrated  aqueous  ammonia  was  added  dropwise  to  an  aqueous  alcoholic  solution  of  the  sulfonium  salt  at  50-60*. 
Yellow-brown  plates  with  rn.p.  162-163*,  easily  soluble  in  dilute  acetic  acid  and  dilute  mineral  acids.  Yield  83'7o. 

Found  "k  N  8.26,  8.28.  C14H14O4N2S2.  Calculated  ^  N  8.28. 

4-Nitrobenzenesulfonic  acid  N -methyl -o-thiomethoxyanilide  [o-(N-methyl-4-niuobcnzenesulfamino)- 
thioanisole]  (llla).  a)  Tlie  betaine  (6.15  g)  was  put  into  a  test  tube,  closed  with  a  stopper  to  which  a  calcium 
chloride  tube  was  attached,  and  gradually  heated  on  a  v/ater  bath.  At  125-130*  the  color  of  the  betaine  changed 
to  pale-yellow;  at  about  170*  complete  fusion  took  place,  and  heating  was  carried  out  for  5  niin  at  this  tempera¬ 
ture.  After  cooling,  the  light-yellow  melt  was  triturated  with  a  little  ether,  and  the  precipitate  was  filtered  off 
and  crystallized  from  alcohol.  Yield  0.14  g.  Light-yellow  needles  with  rn.p.  168-169*.  In  contrast  to  the  ori¬ 
ginal  betaine,  the  compound  was  insoluble  in  dilute  hydrochloric  acid  and  soluble  in  benzene. 

Found  7o:  N  8.07,  8.17.  C14H14O4N2S2.  Calculated  N  8.28. 

Heating  of  the  betaine  with  the  equivalent  quantity  of  6-naphthol  gave  the  isomerization  product  in  937o 
yield.  Traces  of  nerolin  were  formed  and  could  only  be  detected  by  odor.* 

b)  Compound  (Ilia)  was  also  obtained  by  reaction  of  the  2-thiomctlioxy3nilide  of  p-nitrobcnzenesulfonic  acid 
with  dimethyl  sulfate  in  an  alkaline  medium.  Light-yellow  crystals  (from  alcohol)  with  rn.p.  168-169*.  No  dc- 
pression  of  melting  point  in  admixture  with  tlie  product  of  expt.  (a). 

•  Isomerization  (957o  yield)  was  likewise  the  sole  process  when  the  isomeric  dimethyl -[p-^nitrobcnzencsulfaniino)- 
phenyl ]-sulfoniuni  betaine  was  heated. 
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p-Nitrobenzoic  acid  o-thioineihoxyanilide  [o-(4-Pitrobenzoylamino)-thioanisolc  ].  The  compound  was  pre¬ 
pared  by  rcat.tioii  of  o-tliioaiiisidiiie  with  p-nitrobciizoyl  chloride  in  pyridine.  Yellowish-white  crystals  (from 
alcchol)  v;itli  ni.p.  12'5-r25',  easily  soluble  in  benzene  and  ether. 

Found  N  9.69.  9.74.  Ci4ni203N2S.  Calculated  %;  N  9.72. 

Diinethyl-[2-(p-nitrcbenzoylriniino)-phcnyli-sulfoniuin  tolnenesulfonate.  Pale-yellow,  rhombic  plates  with 
m.p.  i95-l 96”  (from  alcoliol). 

Found  N  5.89,  5.8.9.  Calculated  'P.  N  5.90. 

niincthyl-[o-(4-nitrobcnzoylamino)-phcnyl]  -sulfonium  betaine  (lib).  Intr.oduction  into  a  warm  solution  of  the 
sulfo'.iium  salt  (0.7  g)  in  very  dilute  alcoliol  (25  rnl)  of  40'7o  sodium  hydroxide  solution  (5  ml)  led  to  separation  of 
goldcn-rcd  plates.  The  product  was  dried  in  a  vacuum  desiccator  over  phosphorus  pentoxide;  during  this  opera¬ 
tion  the  color  changed  to  brown-red.  Yield  0.07  g  with  m.p.  130-135”;  treatment  of  the  mother  liquor  with  alkali 
gave  a  further  0.12  g  of  product.  The  compound  was  soluble  in  dilute  acetic  acid,  and  acetone,  rather  less  easily 
soluble  in  alcohol  and  water. 

Found  ^/o:  N  9.07,  9.01.  CisHnOaNjS.  Calculated  7°:  N  9.27. 

o-( N -Methyl -4 -nitrobenzoylaniino)-th loan isole  (IHh).  The  compound  was  obtained  by  isomerization  of 
the  betaine  at  140*.  Yellowish-white  needles  (from  SO'y^  alcohol)  with  m.p.  135-136*,  soluble  in  benzene,  acetone 
and  ether.  Yield  8370. 

Found  7o:  N  9.46,  9.36.  C15H14O3N2S.  Calculated  7o;N  9.27. 

Reaction  of  dimcthyl-[o-(4-nitrobenzoylamino)-phcnyli-sulfonium  betaine  with  6-naphthoI.  The  light- 
yellow  melt  obtained  by  heating  0.12  g  of  the  betaine  and  0.07  g(23/o  excess)  of  B -naphthol  from  125  to  140* 
was  treated  (with  cooling)  with  ligroin  (three  lots  of  2  ml  each).  The  insoluble  residue  was  crystallized  from 
alcohol.  The  resulting  pale-yellow  leaflets  (m.p.  124-125*)  were  the  o-thiomethoxyanilide  of  p-nitrobcnzoic 
acid.  Yield  0.11  g(9G7-3).  Colorless  crystals  of  nerolin  with  m.p.  71-72*  were  separated  from  the  ligroin  and 
washed  with  alkali.  Yield  0.058  g  (927o).  Formation  of  an  isomerization  product  was  not  delected. 

Reaction  of  ilimethyl-[p-(4-nitrobenzoylamino)-phenyl')-sulfonium  betaine  with  fl  -naphtliol.  Heating  of 
the  betaine  [4]  with  8 -tiaphtliol  from  125  to  150*  gave  nerolin  (yield  957o)  and  the  4-thiomethoxyanillde  of  p- 
nitrobcnzoic  acid  (yield  90'7o).  A  product  of  rearrangement  could  not  be  isolated. 

o-Thiomethoxyanilide  of  3,5-diniirobenzoic  acid.  The  compound  was  prepared  from  o-thioanisidine  and 
3,5-dinitrobenzoic  acid  in  benzene  in  presence  of  sodium  bicarbonate.  Yield  807«.  Light-yellow  needles  with 
m.p.  145-146*  (from  aqueous  acetone),  readily  soluble  in  alcohol,  ether  and  acetone,  not  so  soluble  in  benzene. 

Found  7^  N  12.45,  12.46.  C,4Hu05N3S.  Calculated  I0:  N  12.61. 

Dimethyl -[o- (3, 5-din itrobenzoylamino)-i'henyl]-sulfonium  betaine  (He).  Dimethyl -o-(3, 5- dinitrobcnzoyl- 
amino)-phenylsulfonium  tolnenesulfonate,  prepared  by  fusion  of  the  o-thiomethoxyanilide  of  3,5-dinitrobenzoic 
acid  with  methyl  p-toluenesulfonate  at  130-140*,  was  hygroscopic  and  broke  down  in  aqueous  solution  at  80*. 

The  solubility  of  the  salt  and  its  stability  improve  in  presence  of  sodium  chloride. 

Into  a  sohition  of  0.04  g  of  sodium  chloride  in  25  ml  of  alcohol  (heated  to  75*)  was  stirred  portionwise  0.35  g 
of  the  above  sulfonium  salt.  To  the  warm,  light-yellow  solution  was  added  2  ml  of  2  N  potassium  hydroxide,  and 
the  red  solution  was  diluted  with  warm  water  (20  ml).  Brownish -red  leaflets  came  down  slowly  when  the  liquid 
was  cooled  and  triturated  with  a  rod.  The  precipitate  was  filtered,  washed  with  water  and  alcohol,  and  then  dried 
in  a  desiccator  over  phosphorus  pentoxide.  Yield  0.22  giOffYo),  m.p.  163-165*  (decomp.).  Readily  soluble  in  dilute 
acetic  acid. 

Found  N  12.00,  12.38.  C15H13O5N3S.  Calculated  %  N  12.10. 

SU  MMA  RY 

1.  Sulfonium  salts  of  the  aromatic  series  containing  an  acylamino  group  in  the  ortho  position  to  the  sulfonium 
group  were  synthesized.  The  conditions  of  transformation  of  these  salts  into  bipolar  ions  were  examined. 
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2.  The  betaines  in  question,  containing  the  radical  of  p-nitrobenzene-sulfonic  acid  and  p-nitrobcnzenesul- 
fonic  acid,  were  isomerized  to  the  N-alkylanilides  of  these  acids. 

3.  It  was  shown  that  heating  of  these  betaines,  as  well  as  of  their  para  isomers,  with  6-naphthol  leads  to 
isomerization  of  the  betaine  (if  the  acyl  is  p-nitrobenzcnesulfonyl)  or  to  alkylation  of  the  6-naphthol  (if  the  acyl 
Is  p-nitrobenzoyl).. 
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It  was  earlier  shown  [1  ]  that  the  action  on  a  solution  of  a  1 -methyl -3-(2’,4'-dinitrophcnyl)-bcnzimidazo- 
linm  salt  (I)  of  even  such  a  weak  base  as  pyridine  leads  to  formation  of  2-(N-formylmcthylamino)-2',4*-dinitro- 
plicnylamine,  which  is  the  amide  form  of  the  pseudobasc  of  this  salt.*  Opening  of  the  diliydroimidazole  ring  in 
tlic  unstable  cyclic  form  of  the  base  here  proceeds  in  such  a  way  that  the  formyl  group  becomes  attached  to  the 
nitrogen  atom  carrying  tlie  electropositive  radical  (methyl).  The  resulting  pseudobase*  *  —  unlike  previously  known 
compounds  of  tliis  class  —  is  not  reversibly  converted  by  acids  into  a  benzimidazolium  salt,  while  the  acyl  group 
is  split  off  on  boiling  with  hydrochloric  acid.  Similar  transformations  have  been  described  for  some  compounds 
of  the  purine  series  [3], 

It  seemed  to  us  of  interest  to  establish  how  these  reactions  proceed  in  a  series  of  other  benzimidazolium  salts 
containing  at  the  imidazole  nitrogen  an  electrophilic  group  such  as  phenyl,  2,4-dLnitrophenyl  and  picryl). 

Addition  of  ammonia  to  an  aqueous  solution  of  a  l,2-dimcthyl-3-(2',4’-dinitrophcnyl)-bcnzimidazolium 
salt  (II)  leads  to  formation  of  a  brownish-red  precipitate  of  pseudobase.  This  melts  slurply  at  163-169*  and  is  in¬ 
soluble  in  hydrochloric  acid  in  the  cold.  Solution  occurs  only  after  prolonged  boiling;  addition  of  ammonia  to 
the  solution  until  alkaline  brings  down  the  previously  described  [1  ]  2-meihylamino-2',4’-dinitrodiphenylamine 
(IV).  The  original  pscudobase  is  smoothly  regenerated  when  acetic  anhydride  is  added.  In  the  light  of  these  reac¬ 
tions  we  should  assign  the  following  structure  (III)  to  the  pseudobase. 
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•  See  [2,  4]  in  connection  with  the  structure  of  pscudobases  of  the  benzimidazole  series. 

*  *  We  arbitrarily  retain  the  name  of  "pscudobases"  for  our  products  of  alkaline  treatment  of  N-dinitrophenylben- 
zimidazolium  quaternary  salts,  although  they  have  lost  the  characteristic  feature  of  compounds  of  this  class  —  the 
ability  to  change  under  the  action  of  acids  into  the  true  bases  tautomeric  with  them. 
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1-Phcnylbcnziniidazolc  dinitrophcnyl  chloride  could  not  be  synthesized.  The  melt  obtained  by  heating  an 
equimolar  mixture  of  1 -phenylbenzimidazole  and  dinitrochlorobenzcnc  at  100'  yielded,  after  treatment  with  al¬ 
cohol  In  the  cold  or  after  trituration  with  ether,  yellow  crystals  with  m.p.  200-201*,  insoluble  in  water  and  free 
of  chlorine.  Analysis  of  the  compound  and  study  of  its  projv.rties  supported  the  assumption  that  we  had  obtained 
the  pscudobase  of  structure  (VI)  resulting  from  hydrolysis  of  the  unstable  1 -phenylbenzimidazole  dinitrophenyl 
chloride. 
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The  pscudobase  is  Insoluble  in  hydrochloric  acid  and  is  therefore  one  of  the  cyclic  forms.  It  dissolves  in 
alkalies  with  formation  of  deeply  colored  solutions,  for  which  reason  we  can  assign  formula  (VI)  to  it  and  not 
(Via),  since  only  (VI)  contains  a  sufficiently  labile  hydrogen  atom  to  account  for  its  solubility  in  alkalies.  Heat¬ 
ing  of  pscudobase  (VI)  with  concentrated  hydrochloric  acid  leads  to  deformylation,  a  red  precipitate  (m.p.  170- 
170.5*)  being  formed  which  is  2-phenylamino-2',4'-dinitrodiphenylamine  (VII). 


We  also  studied  the  behavior  in  alkaline  media  of  the  5-p-nitrobenzoylamino-3-methyl-l -phcnylbenzimi- 
dazolium  salt  (VIII),  prepared  by  the  action  of  methyl  p-toluenesulfonate  on  5-p-nitrobenzoylarnino-l -phenyl - 
benzimidazole.  It  was  to  be  expected  that,  in  addition  to  the  pseudobase,  a  bipolar  ion  would  also  be  formed 
since  the  CONH  group  contains  a  labile  hydrogen  (cf.  [4]).  However,  the  orange,  crystalline  substance  (m.p.  197- 
198*)  obtained  by  the  action  of  dilute  sodium  carbonate  on  an  aqueous  alcoholic  solution  of  salt  (VIII)  Is  readily 
soluble  In  ether  and  benzene  and  is  consequently  the  pscudobase. 

The  pscudobase  soon  dissolves  when  healed  with  hydrochloric  acid  to  form  a  colorless  solution;  on  cooling, 
the  latter  deposits  white  crystals  with  m.p.  299-300*,  containing  ionogcnlc  chlorine  and  evidently  composed  of 
5-p-nitrobenzoylamIno-3-mcthyl-l-phcnylbcnzimIdazolium  chloride  (VIII,  X  =  Cl).  This  assumption  is  con¬ 
firmed  by  conversion  of  this  compound  into  benzimidazolium  picraic.  The  latter  is  identical  with  the  picrate 
obtained  from  salt  (VIIl).  Consequently  hydrochloric  acid  docs  not  detach  the  acyl  from  the  pseudobase  —  as 
happens  with  the  pseudobases  of  salts  (I)  and  (II)  —  but  gives  the  benzimidazolium  salt.  In  spite  of  this  difference 
in  properties,  the  pseudobase  (IX)  is  evidently  isolated  from  solution  in  the  amide  form  and  not  in  the  cyclic  form 
(cf.  [4]).  Since  a  mixture  of  isomeric  forms  is  not  obtained,  the  opening  of  the  dihydroimidazole  ring  in  the  tauto¬ 
meric  form  (IXa)  proceeds  only  in  one  direction.  By  analogy  with  the  formation  of  pseudobases  from  salts  (I)  and 
(III),  wc  can  assume  that  the  ring  opens  round  the  N  atom  attached  to  the  electronegative  (phenyl)  group,  and 
( IXb)  is  obtained. 
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We  synthesized  1 -picrylbenzimidazolc  and  the  3-methyl-l -picrylbenzimidazolium  salt.  Wc  failed  to  ob¬ 
tain  the  pseudobase  by  treating  the  latter  with  weak  alkalies  because  resinification  occurred. 


EX  PERIMEN'TAL 

2-(N-Acctylmethylamino)-2*,4‘-dinitrodiphenylamine.  a)  A  solution  of  0.5  g  of  l,2-dimcthyl-3-(2*,4’- 
dinitroplienyD-benzimidazolium  benzenesulfonate  (1]  in  15  ml  of  water  was  gradually  treated  with  5  ml  of  ammonia. 
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Tile  precipitate  was  filtered  and  washed  \/irh  water  and  alcohol.  Yield  0.3  g(90®/o).  Red  crystals  (from  alcohol), 
rn.p.  163-100*,  soluble  in  acetone,  insoluble  in  hydrcciilciic  acid  in  the  cold  and  after  brief  hcatbij  to  30*.  .\t 
123*  tlic  red  form  changes  without  loss  of  weight  into  the  yellow  form  which  also  melts  at  163-1C9*.  The  red  form 
can  he  converted  into  the  yellow  form  by  crystallization  from  a  small  volume  of  acetone. 

Found  ^’/o:  N  16.00,  16.92.  C15II14O5N4.  Calculated '/o:  N  16.96. 

Prolonged  (3  hr)  refluxing  of  a  suspension  of  0.20  g  of  the  compound  in  10  ml  of  1 : 1  hydrochloric  acid  caused 
the  precipitate  to  dissolve  completely.  The  substance  that  came  down  when  the  solution  was  made  alkaline  was 
crystallized  from  alcohol.  M.p.  178*.  No  depression  in  admixture  v/ith  a  specimen  of  authentic  2-meihylanilno -2',- 
4'-dinitrodiphcnylamine 

b)  A  solution  of  0.2  g  of  2-mcthylamino-2’,4’-dinltrodip!ieiiylamiiic  in  5  ml  of  acetic  anhydride  was  heated 
on  a  water  bath  until  the  red  color  disappeared  (1  hr).  It  was  then  cooled,  treated  with  water  and  neutralized  with 
ammonia.  The  resulting  precipitate  was  filtered,  washed  with  vrater  and  rccrystallizcd  from  acetone.  Yield  quan¬ 
titative.  Yellow  crystals  with  m.p.  168*.  A  mLxture  with  the  product  of  the  preceding  experiment  did  not  e.xhibit 
a  depression  of  melting  point. 

1  -Phcnylbcnzimidazole  was  prepared  In  75'7o  yield  from  o-aminodiphenylamlne  [6]  and  formic  acid.  M.p. 
96,5*.  According  to  [7]  the  m.p.  is  97*;  according  to  [8]  it  is  98*. 

Picraie;  yellow  needles  (from  glacial  acetic  acid)  with  m.p.  180-181*. 

Found '7o:  N  16.56,  16.62.  C13H10N2  •  H0C6H2(N02)3.  Calculated  •yv:  N  16.5^1. 

2-(N-FcrmylphenylaTnino)-2’,4*-diniirodiphenylamine.  A  mixture  of  1  g  of  1-phenylbenzimidazole  and 
1.1  g  of  2,4-dinitrochlorobcnzenc  was  melted  on  a  water  bath  for  2.5  hr.  The  cooled  reddish-brown  melt  was 
triturated  with  alcohol.  The  resulting  precipitate  was  filtered  (the  filtrate  contained  chloride  ion)  and  washed 
with  alcohol.  Yield  GO’/j.  Yellow  prisms  (from  benzene)  with  m.p.  200-201*,  soluble  in  alkali  v/ith  formation 
of  a  deeply  colored  solution;  insoluble  in  ether. 

Found  "k  N  15.05,  14.94.  CigHi405N4.  Calculated  lo-.  N  14.81, 

2-Phcnylamino-2',4’-dinittodiphenylamine.  A  solution  of  0.1  g  of  2-(N-formylphenylamino)-2',4*-dinl- 
trodiphcnylaminc  in  30'/o  alcohol  was  added  to  5  ml  of  hydrochloric  acid  solution  (d  1,17)  and  the  mixture  was 
refluxed  for  15  hr.  The  precipitate  was  filtered  and  washed  with  water.  Yield  0.09  g(90'7j).  Red  needles  (from 
alcohol)  v/ith  m.p.  170-170.5*.  According  to  [5]  it  has  m.p.  170-171*.  So’tible  in  ether  and  benzene.  No  melt¬ 
ing  point  depression  in  admixture  with  authciiric  2-phcnylamino-2*,4*-dIni.lfodiphcnylamine  prepared  from  N- 
phenyl-o-phenylenediamine  and  2,4'-dinitrochlorobenzene. 

5-(p-Nitrobcnzoylamino)-l-phenylbenzimidazole.  Solutions  of  0.5  g  of  5-amIno-l-phcnylbenzlmldazole 
In  15  ml  of  30‘7i)  alcohol,  0.6  g  of  bicarbonate  in  20  ml  of  water  and  of  0.57  g  of  p-nitrobenzoyl  chloride  (25'^ 
excess)  in  10  ml  of  benzene  were  mixed,  and  the  mixture  was  shaken  until  carbon  dioxide  ceased  to  come  off 
(2-3  hr).  The  precipitate  was  filtered  and  washed  with  t/ater  and  alcohol.  Yield  0.72  g(92‘7«>).  White  needles 
(from  a  mixture  of  dioxr.ne  and  ether)  with  m.p.  258-259*,  soluble  in  benzene,  poorly  soluble  In  ether  and  alcohol. 

Found  ‘7o:  N  15.57,  15.43.  CZ0HUO3N4.  Calculated  N  15.6*1. 

5-(p-Nltrobcnzoylamino)-3-mctliyl-l  -phcnylbenzimidazolium  p-to!ucncsulfonate.  A  mixture  of  0.15  g 
of  5-(p-nitrobenzoylamino)-l-phcnylbcnzimidazole  and  0.1  g  of  methyl  p-ioluenesulfonate  was  fused  on  a  gly¬ 
cerol  bath  at  160*  for  20  min  with  continuous  stirring.  The  melt  was  crystallized  from  alcohol.  Yield  0.15  g 
(66’7o).  White  needles  v/ith  m.p.  263-264*. 

Found  ‘lo:  N  10.30, 10.41.  CZ3H2.1OCN4S.  Calculated  '■k.  N  10.29. 

5  jp-Nitrobcnzoylam ino)-3 -methyl -1 -phcnylbenzimidazolium  picrate.  Prepared  by  mixing  alcoholic  solu¬ 
tions  of  equimolar  quantities  of  5-(p-nitrobenzoylamTno)-3-methyl-l-phenylbenziniidazoliuni  p-toluenesulfonate 
(or  chloride)  and  picric  acid.  Yellow  needles  (from  Wjo  acetic  acid)  with  m.p.  213-214*. 

Found  N  16.12,  15.93.  C27H19O10N7.  Calculated ‘7^:  N  16.30. 

Psendobases  of  5-( p-nvtrobenzoylamino)-3 -methyl -1-phcnylbenziinidizolIum  salts.  Sodium  carbonate 
solution  was  added  to  a  warm  solution  of  0.15  g  of  5-(p-nitrobenzoylamino)-3-mcthyl-l-phenylbcnziinldazollum 
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p-toluencsulfonate  in  SO/o  alcohol.  A  precipitate  came  down  on  cooling.  Yield  0.1  g(96%).  Orange  prisms  (from 
aqueous  alcohol)  with  m.p.  197-198*.  Soluble  in  alcohol,  ether  and  acetone,  insoluble  in  water. 

Found  N  H.12.  14.43.  C21H18O4N4.  Calculated  N  14.35. 

The  compound  was  dissolved  in  2 hydrochloric  acid  by  heating  to  90-100*.  The  precipitate  deposited 
from  the  cooled  solution  contained  cliloridc  ion.  Snow-v/hite  needles  (from  alcohol)  with  m.p.  299-300*,  soluble 
in  water.  The  original  pscudobase  separated  from  the  solution  when  sodium  carbonate  was  added.  An  alcoholic 
solution  of  picric  acid  gives  a  picrate  identical  with  5-p-nitrobenzoylamino-3-methyl-l-phenylbcnzimidazoliun 
picrate. 

1 -Picrylbcnzirnidazole.  A  solution  of  2.5  g  of  benzimidazole  and  5.3  g  of’picryl  chloride  in  15  ml  of  alcohol 
was  heated  on  a  water  bath  TbO-OO*)  with  shaking.  Precipitate  ceased  to  come  down  after  5-7  min.  It  was  filtered 
and  waslicd  with  alcoliol.  Yield  quantitative.  Orange-yellow  crystals  (from  alcohol)  with  m.p.  211-212*,  soluble 
in  benzene.  The  compound  resinifies  on  treatment  with  caustic  alkali  in  the  cold  and  on  heating  v/ith  weak  bases 
(in  alcoholic  solutions). 

Found  7o:  C  47.25,  47.30;  H  2.26,  2.32;  N  21.42,  21.31.  CijHiOeNs.  Calculated  Icn  C  47.42;  II  2.14;  N  21.27. 

1 -Methyl -3-pictylbenzimidazolium  benzencsulfonate.  A  mixture  of  1.5  g  of  1 -picrylbcnzirnidazole  and 
0.8  g  of  methyl  benzencsulfonate  was  fused  at  90*  for  4  hr.  The  cooled  melt  was  triturated  with  a  3;  1  mixture 
alcohol  and  ether.  The  precipitate  was  filtered  and  washed  with  ether.  Yield  0.7  gfSS'Vo).  Greenish-yellow  cry¬ 
stals  (from  alcohol)  with  m.p.  243-244*,  soluble  in  water,  Treatnient  of  the  aqueous  solution  with  ammonia  and 
pyridine  gave  a  resinous  precipitate  which  could  not  be  purified. 

Found  %  N  13.86,  14.05;  S  6.52,  6.48,  CjoMjgOjNgS.  Calculated  %  N  13.97;  S  6.40. 

SUMMARY 

1.  A  study  was  made  of  the  action  of  weak  bases  on  some  quaternary  benzimidazolium  salts  containing 
an  clcctropliilic  radical  (phenyl,  2,4-dinitrophenyl,  picryl)  at  the  N  atom  of  the  imidazole  ring. 

2.  1 -Phenylbenzimidazole  is  not  formed  w'hen  the  stable  dinitrophcnyl  chloride  is  fused  with  2,4-dinitro- 
chlorobenzene.  From  the  melt  was  isolated  the  product  of  its  hydrolysis  (the  pscudobase)  —  2-(N-formylphcnyl- 
amino)-2',4'-dinitrodiphcnylamine. 
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The  only  ester  of  diihioazodiearboxylic  acid  described  in  the  literature  “  the  diiS-methyl)  ester  —  was  syn¬ 
thesized  by  Arndt  by  oxidation  of  the  corresponding  dithiohydrazo  ester  with  nitric  acid  [1].  Mixed  0,S-dialkyl 
esters  of  thioazodicaiboxylic  acids,  likewise  esters  of  teirathioazodicarboxylic  acid,  have  not  previously  been  in¬ 
vestigated.  With  the  objective  of  partially  filling  this  gap,  we  now  describe  a  scries  of  0,S-dlalkyl  esters  of 
thioazodicarboxylic  and  thiophenylazocarboxylic  acids.  These  esters  were  synthesized  by  a  modification  of  the 
methods  of  Arndt  [1]  and  Diels  [2]  according  to  the  following  reactions: 


UOC.OCl  1  NMoN’Mi- V  nOCOMINn^  .  IICI  (I) 
or  (llO),iCO  NIIaNili-*  ROCONIIMIj 
R'SCOCl  IlOCONHNii,-^  R'SCONIINHCO-ill  (H) 
or  Coll-NIINIIi  1  ll'SCOCl->  CuHjNHMlCOSR' 

R'SCOMIN’MCOjR  >  R'SCON-^NCOzR  (HI) 


The  esters  of  thioazodicarboxylic  acid  are  dark-red  liquids.  The  ethyl  esters  arc  much  more  stable  than 
the  methyl.  However  even  the  O.S-dicthyl  ester  of  thioazodicarboxylic  acid  breaks  down  on  heating  appreciably 
faster  then  its  oxygen  analog.  The  S -methyl  ester  of  thiophenylazocarboxylic  acid  is  fairly  stable  during  prolonged 
storage.  We  planned  to  synthesized  estcis  of  tetrathioazodlcarboxylic  acid  from  the  disodium  salt  of  hydrazine -bl$- 
dithiocarbonic  acid  (previously  described  by  us  [3]). 

NaS^CNUNHCS^Na  -  >  RSaCNHNHCSiR  ->  RSzCN^NGS^R 

(IV) 

NaS^jCNllNHCSiNa ->  (RS)2C==N-N=C(SR)2 

(V) 

It  was  found,  however,  that  alkylation  of  this  salt  with  dimethyl  sulfate  did  not  give  the  expected  ester  (IV) 
but  the  symm.  tetramethyl  derivative  (V),  evidently  due  to  the  susceptibility  of  the  original  salt  to  tautonierlsm. 


S  S  SH  SII 

II  II  II 

NaSCNHNHCSNa  :;z2;  NnSC-=-.N— Nr^-CSNa 

According  to  [4]  the  S-alkyl  derivatives  of  cyclic  azincs  are  easily  saponified  by  mineral  acids;  it  could 
therefore  be  expected  that  (V)  would  be  converted  by  nitric  acid  into  the  anticipated  tetrathio  derivative  (VII), 
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CII3S 
CII3S 

(VI) 

C:il3S2CN=NCS2CIl3 

(VII) 

An  azo  compound  w.is  indeed  obtained  by  the  action  of  nitric  acid,  but  was  identified  as  the  di-(S -methyl) 
ester  of  dithioazodicarboxylic  acid. 

(:il3S(.:=N-N=CSC!l3  (’HaSCN^NCSClIn 

I  I  — *  II  II 

Sll  Sll  o  o 

A  similar  replacement  of  thionic  sulfur  by  oxygen  during  oxidation  of  thioamides  of  hydra zodicarboxyllc 
acid  has  been  observed  [5]. 

The  infrared  spectrum  of  the  O.S-dietliyl  ester  of  thioazodicarboxylic  acid  was  compared  witli  the  spectra 
of  the  ethyl,  isopropyl*  and  butyl  esters  of  azodicarboxylic  acid  and  the  spectrum  of  the  ethyl  ester  of  phenyl - 
azocarboxylic  acid.  Unlike  the  latter,  the  spectrum  of  the  thiocster  in  question  contains  two  strong  absorption 
bands  in  the  C  =  O  bond  region  at  5.75  and  5.95  p  (1740  and  1680  cm'^),  whereas  the  C  =  O  frequency  in  the 
azodicarboxylic  and  phenyl  azocarboxylic  esters  is  in  the  5.65  to  5.75p  region  (1770  to  1740  cm  *).  The  slight 
shift  of  the  carbonyl  group  band  in  comparison  with  the  azocarboxylic  esters  and  the  appearance  of  a  second  band 
with  a  90  cm*'  lower  frequency  arc  fully  consistent  with  the  nature  of  the  influence  on  this  frequency  of  the 
neighboring  alkthiol  group.  The  frequency  of  the  C— O  ester  bond  in  all  of  the  investigated  azo  compounds  is 
nearly  constant:  8. 0-8. Ip  (1250-1235  cm”'). 

in  addition  to  the  strong  absorption  bands,  all  of  the  azo  compounds  in  question  exhibit  three  bands  at  10.65- 
10.75p  (940-930  cin"'),  9. Ip  (1100  cm*'),  and  7.65-7.70p  (1305-1300  cm"'),  substantially  coinciding  with  the 
C-N  bond  vibrations  in  aromatic  azo  compounds  [6,  7]. 

It  is  not  without  interest  to  note  that  the  infrared  sjscctra  of  the  above  esters  of  azodicarboxylic  and  phenyl- 
azocarboxylic  acids  always  contain  two  medium-strong  absorption  bands  at  6.75-6.95p  (1480-1440  cm”')  and  at 
7.25-7.35p  (1380-1360  cm”*),  i.e.,  in  the  regions  assigned  to  the  absorption  bands  of  the  N  =  N  group  in  aromatic 
azo  compounds  [6,  ly  It  is  not  yet  clear  whether  these  bands  are  associated  with  the  valence  vibrations  of  the 
N  =  N  bond  or  arc  due  exclusively  to  tlic  presence  of  the  CH3-C  and  CII2  groups  in  the  compounds  concerned,  as 
suggested  by  Le  Pevre  et  al.,  [8]. 


\C=--N-N=C/ 

/  XSCII3 


UNO, 


Cn3SC=N-N=CSCH3  ClIaSCNIl-NnCSClU 

I  I  II  II 

Sll  Sll  s  s 


EXPERIMENTAL 

1.  Preparation  of  0,S-dimethyl  ester  of  thiohydrazinedicarboxylic  acid  CIl3SCONMNIlCC)2CH3.  To  14  g 
of  methyl  hydrazinccarboxylatc  hydrochloride,  dissolved  in  200  ml  of  aqueous  alkali  (12.5  g  KOH)  was  added 
12.5  g  of  the  S-methyl  ester  of  thiochlorocarbonic  acid  dropwise  with  cooling  and  vigorous  stirring.  The  mix¬ 
ture  was  then  stirred  for  another  2  hr  and  diluted  v.'ith  200  ml  of  cold  water.  There  was  obtained  18  g  of  color¬ 
less  crystals  with  m.p.  148*  (from  water).  Yield  98^»  of  theory,  calculated  on  the  methyl  ester  of  the  chlorocar- 
bonic  acid. 

Pound  ‘7o;  C  28.6*1,  28.75;  H  4.05,  4.38;  N  16.94,  16.80.  C^HjOsNzS.  Calculated  '7o;  C  29.22;  II  4.88;  N  17.05. 

2.  Preparation  of  0,S-dimethyI  ester  of  thioazodicarboxylic  acid  CUsSCON  =  NCCI2CII3.  To  5  g  of  the 
O.S-dimethyl  ester  of  thiohydrazinedicarboxylic  acid  in  35  ml  of  ether  v/as  added  30  ml  of  HNO3.  As  soon 
as  the  reaction  became  violent,  100  ml  of  water  was  added  to  the  mixture.  The  ethereal  layer  was  separated, 
washed  with  v/ater  and  dried  over  calcium  chloride.  The  main  bulk  of  solvent  v.'as  evaporated  in  vacuo.  The 
azo  compound  was  then  frozen  out  many  times  from  small  quantities  of  ether  (fresh  ether  for  each  freezing  step) 
cooled  with  carbon  dioxide.  The  residues  of  ether  were  taken  off  in  vacuo.  I'he  compound  is  unstable  and  was 
stored  in  carbon  dioxide.  Yield  2  g(407o). 

•  This  ester  was  first  synthesized  by  S.  A.  Rodkin,  The  authors  thank  him  for  putting  the  preparation  at  their  disposal. 
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df®  1.180,  riD*®  1.4518,  MRy  37.1;  Calc.  37.58. 

round  1'K  C  23.84,  28.51:  H  3.87,  3.00;  N  18.81  ,16.67.  M  160.9.  C^HsOsNjS.  Calculaicd  '7«  C  29.G2; 

II  3.70;  N  17.27.  M  162.16. 

3.  Picparaiion  of  the  0-ethyl,  S -methyl  ester  of  thiohydrazine  dicartoxylic  acid  CHsSCOMHNHCOiCjHs. 
Preparation  was  carried  out  as  in  expt,  i,  starting  from  150  g  of  ethyl  hydrazinecarboxylate  and  80  g  of  the  S- 
mcihyl  ester  of  thiochlorocarbonic  acid.  Yield  120  g(027o)  of  product  with  m.p.  93*  (from  water). 

round  lo:  C  33.28,  33.55;  H  4.69,  4.62;  N  14.66,  14.64;  S  17.55,  17.33.  C5H10O3N2S.  Calculated  'U  C  33.70; 
H  5.62;  N  15.73;  S  17.95. 

4.  Preparation  of  O-ctJiyl,  S-methyl  ester  of  thioazodicarhoxylic  acid  Cn3SCON  =  NCO2C2H5.  Preparation 
as  in  exj  t.  2  from  50  g  of  O-ethyl,  S-methyl  ester  of  thichydrazinedicarboxylic  acid.  I'ractional  distillation  of  the 
ether  extract  gave  39.6  g(807o)  of  azocster  witli  b.p.  120“  at  6  mm. 

d.i®  1.202,  nD^®  1.4835,  41.94;  Calc.  42.19. 

round  'h  C  33.40,  33.05;  H  4.12,  3.90;  N  14.13,  14.09;  S  19.46,  19.33.  M  177.2.  CsHgOaNjS.  Calculated  fo: 
C  34.04;  H  4.55;  N  15.91;  S  18.20,  M  176.19. 

5.  Preparation  of  0,S-dicthyl  ester  of  thi^iydrazinedicarboxydic  acid  C2H5SCONHNnCQjC2H5.  From  100 
g  of  ctliyl  hydrazincdicarboxylate  and  60  g  of  S-ethyl  thiochlorocarbonate,  by  the  procedure  of  expt.  1,  was  ob¬ 
tained  an  oil  which  crystallized  after  cooling  with  ice  for  a  few  hours.  Yield  of  ester  110  g(957o)  with  m.p.  44* 
(dried  in  desiccator). 

Found  ‘7o;  C  37.28,  37.23;  H  6.04,  5.90;  N  13.51,  13.58;  S  15.86,  15.87.  C5H12O3N2S.  Calculated  I01C  37.50; 

H  6.25;  N  I  t. 57;  S  16.66. 

6.  Preparation  of  0,S-diethyl  ihioazodicarboxylate  C2H5SCON  =  NC02C2n5.  Oxidation  of  50  g  of  0,S-diethyl 
thioliydiazincdicarboxylate  (sec  expt.  4)  gave  42  g  (857)  of  azo  compound  with  b.p.  127*  at  3  mm. 

dj®  1.157,  iiD’'®  1.4755.  MRq  46.4,  Calc.  46.81. 

Found  "Jo:  C  33.01,  33.53;  H  5.13,  4.55;  N  14.22,  14.37;  S  15.03,  15.72.  M  188.  C6Hio03N2S.  Calculated  T*: 

C  37.01;  H  5.26;  N  14.73;  S  16.85.  M  190.22. 

7.  Preparation  of  S-meihyl  thiophcnylhydrazinecarboxylatc  Cn3SCONHNHC5ll5.  Into  an  icc-cooled  solu¬ 
tion  of  30.7  g  of  S -methyl  tliiochiorocarbouate  in  25  ml  of  alcohol  v/as  stirred  portionwise  a  solution  of  30  g  of 
phcnylhydrazine  in  25  ml  of  alcohol;  solid  sodium  hydroxide  was  then  added  to  the  reaction  mass  until  it  gave  a 
permanent  coloration  with  phenolplithalein.  After  an  hour  the  reaction  mass  was  poured  into  200  ml  of  water, 
and  the  crystalline  product  was  rccrystallized  from  alcohol.  Yield  of  ester  45.5  g  (907o  calculated  on  the  ester 
of  thiochlorocarbonic  acid);  m.p.  98*. 

Found  I0:  N  14.74,  14.78;  S  17.0-1,  17.01.  C8H10ON2S.  Calculated  N  15.55;  S  17.70. 

8.  Preparation  of  S-metli^l  ester  of  thiophenylazocarboxylic  acid  CH3SCON  =  NC^Hs.  Oxidation  of  the 
hydrazo  ester  to  azo  ester  was  effected  as  described  above  with  introduction  into  the  reaction  mass  of  1-1.5  ml 
of  fuming  nitric  acid.  Fractional  distillation  of  the  ethereal  extract,  obtained  during  oxidation  of  40  g  of  the 
hydrazo  derivative,  gave  25.5  g(657’)  of  azo  compound  with  b.p.  132*  at  2  mm.  It  crystallized  when  keptfrn.p. 
32-35’). 

Found  C  53.52,  53.8^;  H  4.75,  5.27;  N  15.45,  15.50;  S  17.34,  17.47.  C8H8ON2S.  Calculated  %;  G  53.40; 
H  1.45;  N  15.54;  S  17.75. 

9.  Preparation  of  ictra-(S-metl^'l)-formazine  (CH3SyjC  =  N  — N  =  C(SCll3)2.  To  a  solution  of  80  g  of  disodium 
salt  of  hydrazinebisditliiocarbonic  acid  in  200  ml  of  water  was  added  140  ml  of  dimethyl  sulfate  dropwise  with  Ice 
cooling  and  stirring.  After  completion  of  the  exothermic  reaction,  300  ml  of  alcohol  was  added.  The  deposited 
crystals  were  collected,  washed  with  100  ml  of  alcoliol,  and  dried  in  the  air.  There  was  obtained  40  g  of  azinc 
with  m.p.  112*.  Yield  507^j,  calculated  on  the  salt  taken. 

Found  C  30.50,  30.12;  H  4.G5,  4.25;  N  11.46,  11.30;  S  52.56.  52.55.  Cglli^NzS^.  Calculated  ‘7);  C  30.0; 
11  -l.O;  N  11.70;  S  53.30. 
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10.  Oxidation  of  tetra-<S-inethyl)-foriiiazine  with  nitric  acid.  Preparation  of  the  S -dimethyl  ester  of 
dithioazodicatboxylic  acid  CH3SCON  =  NC6SCH3.  Oxidation  was  effected  by  the  procedure  for  oxidation  of  hy- 
drazocstetrdescribed  above.  From  10  g  of  azine,  after  evaporation  of  the  ethereal  extract  and  recrysiallization 
of  the  azo  conjpound  from  ligroinc,  was  obtained  3  g(407c0  of  needles  with  m.p.  69*.  A  mixture  with  authentic 
ester  prepared  as  in  [1  ]  did  not  exhibit  a  depression  of  melting  point. 

Found  'yo:  C  27.01,  27.80;  H  4.06,  4.39;  N  14.68,  14.70;  S  36.60,  36.28.  C4HeOiN2S2.  Calculated  %  C  26.95; 
H  3.38;  N  15.70;  S  3G.0. 


SUMMARY 

1.  Oxidation  of  esters  of  thiohyJrazincdicarboxylic  and  thiophenylhydrazinecarboxylic  acids  with  nitric 
acid  gave  a  series  of  previously  undescribed  0,S-estcrs  (methyl,  ethyl  and  mixed)  of  thioazodicarboxylic  and  thio 
plienylazocarboxylic  acids. 

2.  Alkylation  of  the  disodiuin  salt  of  hydrazinc-bisdithiocarbonic  acid  by  dimethyl  sulfate  gave  symm. 
tetra-(S -methyl)- forma  zinc,  whiclj  oxidized  to  the  S-dimethyl  ester  of  dithioazodicarboxylic  acid. 

3.  The  infrared  spectra  of  a  series  of  esters  of  azodicarboxylic  and  thioazodicarboxylic  acids  were  studied. 
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Diphenylamine-3-  and  -4 -carboxylic  acids  have  hitherto  been  relatively  difficultly  accessible  compounds. 
The  methyl  ester  of  diphcnylaminc-4-carboxylic  acid  was  prepared  by  phenylation  of  the  ester  of  p-aminobcnzoic 
acid  wlih  iodobcnzcnc,  but  the  yield  was  only  277o  [1].  Our  experiments  have  shown  that  this  reaction  gives  a  mix¬ 
ture  of  methyl  esters  of  diphenylamine-  and  triphenylaminc-4 -carboxylic  acids  whose  separation  is  associated  with 
considerable  losses  (the  y'eld  of  pure  diphenylamine-4-carboxylic  acid  is  13*7'’). 

Reaction  of  m-  and  p-iodobcnzoic  f2]and  m-bromobcnzoic  [3]  acids  with  aniline  gave  3-carboxydiphenyl- 
amine  in  a  yield  of  7  and  3570,  and  of  4-c.Mboxy  derivative  in  a  yield  of  157'’.  Reaction  of  iodobenzene  with  m- 
and  p-arninobenzoic  acids  goes  even  less  smoothly  (yield  of  47>’)  [2].  Diphenylamine-3-  or  -4 -carboxylic  acid 
could  not  be  isolated  wb'^ii  bromobrnzene  was  the  arylating  agent  or  when  m-  and  p-chlorolxmzoic  acids  were 
reacted  with  aniline  [2,4]. 

Preparation  of  diphenylaminc-4-carboxyllc  acid  from  4-acetyldiphenylamine  [3]  or  by  the  action  of  phenyl- 
magnesium  bromide  on  nitrobenzoic  ester  [5]  is  likewise  not  very  convenient.  ^ 

In  view  of  the  ease  of  formation  of  derivatives  of  triphcnylamine  on  arylation  of  aromatic  amines  or  amino- 
carboxylic  acids,  it  might  be  thought  that  preparation  of  diphenylaminemono-  and  dicarboxylic  acids  would  neces¬ 
sitate  the  use  of  a  compound  containing  a  substituted  amino  group.  We  therefore  investigated  the  reaction  of  io¬ 
dobcnzcnc  with  esters  of  acetaminobenzoic,  phthalic  and  isophthalic  acids,  as  well  as  reactions  of  acetylatcd  aro¬ 
matic  amines  with  esters  of  iodo-substituted  aromatic  acids  (see  [4,  6,  Y]).  It  was  found  that  esters  of  m-  and  p- 
acetaminobenzoic  acids  react  fairly  easily  with  iodobenzene  at  220*  (in  presence  of  nitrobenzene,  copper  and 
potassium  carbonate),  and  that  subsequent  hydrolysis  of  the  reaction  products  gave  diphenylamine-3-  and  -4-car- 
boxylic  acids  in  yields  of  55  and  8l7o  respectively.  Under  similar  conditions  the  dimethyl  esters  of  5-acetamino- 
isophtlialic  and  4-acetaminophthalic  acids  gave  us  the  previously  undescribed  diphenylamine-3, 5-  and  3,4-dicar- 
boxylic  acids  (yields  of  98  and  respectively). 

Arylation  of  acetanilide  and  its  p-alkyl  derivatives  with  methyl  p-iodobenzoate  (in  presence  of  copper  and 
potassium  carbonate)  also  went  fairly  smoothly;  in  this  manner  diphenylamine-4-carboxylic  acid  (yield  557*’)  and 
its  4'-methyl-  and  4-dodccyl  derivatives  (yields  66  and  6870  could  be  synthesized. 


u-<^  ^J)-Nncoc^3^-  i-<^  ^-coocfi3-> 

n-<^^  _ ^-COOCIfa  ->  R-/  _ \-COOII 

(!:ocu3 


(R  =  H.  CH,.  C„n,4. 
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This  reaction  goes  much  less  satisfactorily  with  esters  of  haloJicarboxylic  acids.  In  the  same  way  the  phenyla-  j 
tion  of  p-accianiiiioacetophcnone  with  ioJobenzenc  gave  N-acetyl-p-accty!diphcnylamine,  identical  with  the  pro-  j 

duct  of  reaction  of  N-acetyldiphenylaminc  v/itli  acetyl  chloride  (in  presence  of  aluminum  chloride),  but  its  hydrolysis  • 
gave  p-acetyldiphenylamine  (cf.  [3]).  Phenylation  with  iodobenzene  of  p-annnoacetophenone  and  dimethyl  5- 
aminoisophthalate  gave,  as  was  to  be  expected,  the  corresponding  triphenylamino  derivatives  in  addition  to  p- 
acetyldiphenylarnine  and  diphenylamino-3,5-dicarboxylic  acid. 

EX  PERIMENT A  L 

Diphcnylainine-4 -carboxylic  acid,  a)  A  mixture  of  6.21  g  of  etb.yl  p-acetaminobenzoate,  31  g  of  iodoben- 
zenc,  8.3  g  of  anhydrous  potassium  carbonate,  1  g  of  copper  powder  and  30  ml  of  nitrobenzene  was  refluxed  in  a 
flask  over  Wood  alloy  at  a  bath  temperature  of  225-230*  for  15  hr.  The  excess  of  iodobenzene  and  nitrobenzene  ' 

was  distilled  off  witli  steam,  the  residue  was  filtered  and  the  filtrate  acidified  with  hydrochloric  acid.  The  se¬ 
parated  substance  gradually  crystallized.  The  crystals  were  filtered  and  niLxed  with  100  ml  of  lOft*  sodium  hydroxide 
solution,  and  the  solution  boiled  for  1.5  hr.  The  filtered  solution  was  acidified  with  hydrochloric  acid,  and  the  > 

resulting  precipitate  washed  with  water  and  dried.  Yield  5.2  g(81.37t').  M.p.  149-153".  After  crystallization 
from  benzene  it  had  m.p.  159-160".  Literature  [S'):  m.p.,1 59-160*. 

b)  A  mixture  of  10.48  g  of  methyl  p-iodobenzoate,  5.68  g  of  acetanilide,  6.8  g  of  anhydrous  potassium 
carbonate  and  1.6  g  of  copper  powder  was  refluxed  in  a  flask  on  a  bath  of  Wood  alloy  at  205-210*  (bath  tem¬ 
perature)  for  15  hr.  The  reaction  mass  was  extracted  with  ether,  the  ether  was  driven  off,  and  the  residue  distilled 
with  steam  for  removal  of  unreacted  methyl  p-iodobenzoate.  The  water  was  decanted  from  the  residual  oily  ' 

product,  100  ml  of  lO'/o  potassium  hydroxide  solution  was  added,  and  the  mLxture  boiled  for  1.5  hr.  The  aniline  ; 

formed  was  then  distilled  off  with  steam.  The  residue  was  acidified  with  acetic  acid,  and  the  resulting  crystals  j 

filtered,  waslicd  witli  water  and  dried.  Weight  2.36  g,  m.p.  156*.  The  solid  product ,  remaining  after  treatment  of 
tlie  reaction  mass  will)  ether,  was  dissolved  in  water  with  heating.  The  solution  was  filtered  and  acidified  with 
acetic  acid,  the  precipitate  was  filtered  and  mixed  with  30  ml  of  107o  potassium  hydroxide  solution;  the  resulting  I 

solution  was  boiled  for  1.5  hr.  Tlie  potassium  salt  of  diphenylaniine-4-carboxylic  acid  came  down  on  cooling 
and  was  washed  with  107<»  potassium  hydroxide  solution;  it  was  then  dissolved  in  water  and  the  solution  acidified 
with  hydrochloric  acid.  The  precipitate  was  filtered,  washed  with  water  and  dried.  Weight  2.36  g,  m.p.  156*. 

Total  yield  of  diphcnylaininc-4-carboxylic  acid  4.72  g(65.47o).  Tlie  compound  obtained  by  both  methods  did  • 

not  give  the  qualitative  reaction  for  triphenylamino  derivatives  (blue  color  with  sulfuric  acid).  i 

Methyl  ester.  A  solution  of  10.65  g  of  diphcnylamine-4-carboxylic  acid  in  55  ml  of  anhydrous  methyl 
alcohol  was  saturated  at  room  temperature  with  dry  hydrogen  chloride  for  3  hr.  The  next  day  the  solution  was 
boiled  for  2  hr  and  cooled.  The  precipitate  was  filtered,  washed  with  water,  with  5''/j  sodium  carbonate  solution 
and  again  with  water.  Yield  10.3  g(90.77»),  grayisli  crystals  with  m.p.  113-115*.  After  purification  by  chroma¬ 
tography  over  aluminum  oxide  in  benzene  solution,  the  yield  was  10.1  g  (approx.  BO’/o).  Colorless  prisms  with 
m.p.  115-116*.  After  crystallization  from  methanol  the  m.p.  was  116*.  Literature  [2]:  m.p.  115-116*. 

4’-Metl^'ldiphei^-laminc-4-carboxjylic  acid.  A  mixture  of  10.48  g  of  methyl  p-iodobenzoate,  6.26  g  of 
acetyl -p-toluidine,  1.6  g  of  copper  powder  and  6.8  g  of  anhydrous  potassium  carbonate  was  heated  for  15  hr  under 
the  conditions  specified  above.  The  products  were  isolated  in  the  manner  described  for  diphenylaminc-4 -carboxylic 
acid.  Yield  6.0  g  (approx.  66.l7o),  m.p.  180-181*.  Colorless  prisms  with  m.p.  183*  (from  methanol). 

Found  7^:  N  6.28.  Ci^HiaaN.  Calculated  7o:  N  6.16. 

The  methyl  ester  was  prepared  in  similar  fashion  to  the  methyl  ester  of  diphcnylamine-4 -carboxylic  acid. 

The  yield  after  chromatograpliy  on  alumina  in  benzene  solution  vras  807?:  m.p.  122-125".  After  crystallization 

from  alcohol  llic  yield  was  74.T7o.  Colorless  prisms  with  m.p.  125°.  | 

Found  7<?:  N  5.74.  C15II15O2N.  Calculated  7^:  N  5.80.  | 

4 '-n-Dodccyldiplicnylamine-4 -carboxylic  acid.  A  mixture  of  26.2  g  of  mctliyl  p-iodobcnzoaie,  31.8  g  | 

of  p-dodecylacetanilidc,  17  g  of  anhydrous  potassium  carbonate,  4  g  of  copper  powder  and  100  ml  of  nitroben-  I 

zone  was  refluxed  in  a  flask  on  a  bath  of  Wood  alloy  at  210-215°  (bath  temperature)  for  15  hr.  The  reaction  mass  j 

was  diluted  with  ether  (about  300  ml)  and  the  precipitate  filtered  and  washed  with  ether.  The  residue  after  distil-  ’  | 

lation  of  the  ether  v/as  steam -distilled  for  removal  of  nitrobenzene  and  unrcactcd  methyl  p-iodobenzoatc,  and  i 

i 

i 
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subsequently  distilled  under  reduced  pressure  for  removal  of  water.  To  the  oily  residue  was  added  a  solution  of 
22  g  of  potassium  hydroxide  in  210  ml  of  GO/o  alcohol,  and  the  solution  was  boiled  for  3  hr.  The  potassium  salt 
came  down  when  the  solution  was  cooled;  it  was  filtered  and  washed  witli  30-10  ml  of  107o  potassium  hydroxide 
solution,  and  then  heated  with  IGO  ml  of  diluted  (1 : 1)  hydrochloric  acid  on  a  boiling  water  bath  for  10  min. 

The  free  acid  was  then  filtered  off,  washed  with  water,  dried  and  crystallized  from  methanol.  Yield  2G  g(68.27«), 
m.p.  Ml-l'IG*.  Rccrystallization  gave  colorless  tablets  with  rn.p.  146-14T. 

found  'vo:  N  3.70.  (:25H35(02N.  Calculated  7^:  N  3.66. 

Methyl  ester.  A  war  n  solution  of  9.5  g  of  4’-n-dodccyldiphenylamino-4-carboxylic  acid  in  400  ml  of 
anhydrous  methanol  (prepared  by  boiling)  was  saturated  with  dry  hydrogen  chloride  (3  hr).  The  next  day  the  solu-’ 
tion  was  boiled  for  2  hr  and  cooled.  The  precipitate  was  filtered,  washed  with  sodium  carbonate  solution,  then 
with  v/ater,  and  dried.  Yield  0.81  g,  m.p.  77-SO".  After  crystallization  from  methanol  the  yield  was  8.15  g 
(82.8’/'’).  (Colorless  prisms  with  m.p.  81-82*. 

Found  N  3.57.  (:26H37fl2N.  Calculated  7":  N  3.53. 

Diphcnylainine-3-carboxylic  acid.  A  mixture  of  5.79  g  of  methyl  m-acetaminobenzoate,  35  g  of  iodoben- 
zene,  8.3  g  of  anhydrous  potassium  carbonate,  1  g  of  copper  powder  and  40  ml  of  nitrobenzene  was  heated  at  220- 
230’  for  15  hr.  The  product  was  isolated  by  the  procedure  described  fer  diphenylaminc-4 -carboxylic  acid.  After 
crystallization  from  water  the  yield  of  diphenylamine-3-carboxylic  acid  was  3.55  g  (about  55.67o).  Colorless 
needles  with  m.p.  140-141*.  Literature:  m.p.  141-142*  [2];  140*  [9]. 

Methyl  m-acctanunobenzoatc.  Prep,  red  by  boiling  a  mixture  of  9.06  g  methyl  m-aminobenzoate,  40  ml  glacial 
acetic  acid  and  12  g  of  acetic  anhydride  for  3  hr.  The  product  was  separated  from  the  reaction  mass  with  water. 
Yield  70.8'’/o  (from  benzene).  Colorless  prisms  with  m.p.  136*. 

found  "k  N  7.48.  CiqUuOsN.  Calculated  'k  N  7.24. 

niplicnylamine-3,5-dicarboxylic  acid.  A  mixture  of  10  g  uf  dimethyl  5-acetarninolsophthalate,  50  g  of 
iodolicn/cne,  11  g  of  potassium  carbonate,  1  g  of  copper  powder,  0.5  g  of  potassium  iodide  and  30  ml  of  nitro¬ 
benzene  was  heated  on  a  bath  of  Wood  alloy  at  230-235*  (bath  temperature)  for  17  hr.  The  excess  of  iodebenzene 
and  nitrobenzene  was  distilled  off  with  steam.  To  the  residue  (approx.  80  ml)  was  added  10  g  of  potassium  hy¬ 
droxide.  The  mixture  was  boiled  for  4  hr,  and  tlie  solution  was  filtered,  cooled  and  acidified  with  dilute  hydroch¬ 
loric  acid.  The  precipitated  yellowish  crystals  were  waslicd  with  water  and  dried.  Yield  10.05  g(97.77o),  m.p. 
289-290*.  The  compound  did  not  give  a  blue  coloration  with  sulfuric  acid.  Crystallization  from  80’/i>  acetic  acid 
gave  faintly  yellowish  crystals  with  m.p.  297-298*.  The  solution  in  sulfuric  acid  turned  violet  when  nitric  acid 
was  added. 

found  7o:  N  5.51.  Ci^lhiO^N.  Calculated  7”:  N  5.44. 

The  dimethyl  ester  was  prepared  by  a  nietliod  similar  to  that  employed  for  the  ester  of  diphenylamine-4- 
carboxylic  acid.  After  purification  by  chromatography  on  alumina  in  benzene  solution,  the  yield  was  62.3'k  After 
one  crystallization  from  methanol  the  yield  was  47.67o,  m.p.  140-141*.  Slightly  yellowish,  rectangular  plates. 

found  7”:  N  4.98.  C16H15O4N.  Calculated  7^  N  4,91. 

Diphenylamine-3,4-dicatboxylic  acid.  Prepared  similarly  to  the  3, 4 -derivative,  starting  from  the  dimethyl 
ester  of  4 -acetaminophthalic  acid  (yield  5l7o).  Yellowish  prisms  from  glacial  acetic  acid  with  m.p.  192-193*. 
fasily  soluble  in  aqueous  alkalies,  alcohol  and  acetic  acid,  insoluble  in  water. 

found  7o:  N  5.36.  Ci^HnO^N.  Calculated  7w'  N  5.44. 

The  dimethyl  ester  was  obtained  like  the  methyl  ester  of  diphenylamine-4-carboxylic  acid.  The  product 
separated  as  a  dark  oil  after  cooling  and  neutralization  of  the  reaction  mixture  with  2070  sodium  carbonate  solu¬ 
tion.  Chromatography  (in  I’ciizcnc)  gave  a  light-yellow  oil  which  gradually  crystallized.  Yield  76.770.  Crystal¬ 
lization  from  gasoline  (b.p.  60-90*)  gave  colorless  crystals  with  m.p.  85-86*. 

Found  7o:  N  5,10.  CigHigO^N.  Calculated  7o;  N  4.91. 

3,5-DicarbomethoxytrinhcnyIaniinc.  A  mixture  of  0.57  g  of  3,5-dicarbomethoxydipbcnylamine,  3  g  of  lo- 
dohenzene,  0.56  g  of  potassium  carbonate,  0.02  g  of  potassium  iodide,  0.04  g  of  copper  powder  and  1.7  ml  of  ni¬ 
trobenzene  was  heated  on  a  bath  of  Wood  alloy  at  220*  (bath  temperature)  for  4  hr.  After  the  mass  had  been 
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steatn-dislilled,  llie  residue  was  extracted  with  ether.  The  ethereal  solution  was  dried  witli  potassium  carbonate 
and  the  ether  dinilled  off.  Yield  0.32  g  Slightly  yellowish  crystals  with  rn.p.  138-142*.  After  two  cry¬ 

stallizations  from  rnetlianol  the  m.p.  was  150*.  Colorless,  equilateral  prisms.  The  product  imparts  a  blue  color 
to  sulfuric  acid. 

Found  N  3.95.  CzzHjgO^N.  Calculated  N  3.87. 

p-Acctyl-n-acetyldiphenylaminc.  a)  A  mixture  of  3.6  g  of  p-acetylaniinoacetophenone,*  24.4  g  of  iodo- 
bcnzcnc,  5.5  g  of  anhydrous  potassium  carbonate,  0.4  g  of  copjx’r  powder  and  20  ml  of  nitrobenzene  was  heated 
(at  a  bath  temperature  of  200-205")  for  15  hr.  The  reaction  mass  v/as  diluted  with  40  ml  of  ether  and  filtered  from 
the  precipitate, which  was  washed  with  ether.  After  the  ether  had  been  distilled  off,  likewise  the  iodobenzene 
and  nitrobenzene  (with  steam),  the  precipitated  product  was  filtered,  washed  with  water,  and  (for  removal  of 
acctylaminoacetoplienonc)  treated  with  200  ml  of  water  at  the  boil  (in  two  portions).  The  product  crystallized 
after  cooling.  It  was  filtered,  dried  (weight  3.6  g,  m.p.  92-94°),  purified  by  chromatography  over  alumina  in 
benzene  solution,  and  crystallized  from  gasoline  (b.p.  80-90*).  Yield  1.84  g{36.3'^k),  m.p.  119-122°.  Colorless 
crystals  with  m.p.  121-122°.  Literature  [3]:  m.p.  124°. 

Found  *70:  N  6.29.  CieHjsQjN.  Calculated  %  N  5.62. 

• 

b)  To  a  solution  of  5.25  g  of  N-acetyldiphcnylamine  in  9  ttiI  of  carbon  disulfide  was  added  5  g  of  acetyl 
chloride  and  then  11.65  g  of  aluminum  chloride  in  small  portions.  The  reaction  mass  was  heated  on  a  boiling 
water  bath  for  6  hr  and  cooled;  2  ml  of  hydrochloric  acid  (d  1.19)  and  ice  were  then  added.  The  oily  product 
was  extracted  with  carbon  disulfide,  and  the  extract  washed  with  water  and  dried  with  sodium  sulfate.  After  re¬ 
moval  of  the  carbon  disulfide,  the  residue  was  tritutated  with  5  ml  of  ether,  filtered,  washed  with  3-4  ml  of  ether 
(weight  1  g,  m.p.  104-117°),  and  crystallized  from  gasoline.  Y’ield  0.54  g(8.57o),  ni.p.  121-122*.  No  depression 
of  melting  point  in  admixture  with  the  product  of  reaction  of  p-acetaminoacetophenone  with  iodobenzene. 

j»-Acct^'ldiphcnylaminc.  a)  A  mixture  of  12.15  g  of  p-aminoacetophenone,  36.7  g  of  iodobenzene,  12.42  g 
of  potassium  carbonate,  1.8  g  of  copper  powder  and  70  ml  of  nitrobenzene  was  heated  at  190-195*  (bath  tempera¬ 
ture)  for  15  hr.  The  thick,  brownish  mass  was  filtered;  the  precipitate  was  washed  with  ether  which  was  then  added 
to  the  filtrate.  Steam  distillation  of  tlic  latter  removed  the  ether,  nitrobenzene  and  excess  of  iodobenzene.  The 
oily  residue  crystallized  when  rubbed  in  presence  of  dilute  hydrochloric  acid  (1 : 1).  The  precipitate  was  filtered, 
washed  with  water,  dried  and  extracted  at  the  boil  with  180  ml  of  gasoline  (until  crystals  ceased  to  come  down 
when  the  solution  was  cooled).  Weight  6.25  g,  m.p.  92-95°;  after  crystallization  from  gasoline  the  yield  was  3.4  g 
(17.97o),  m.p.  106-108*.  Slightly  yellowish  prisms  (from  methanol  or  gasoline)  with  m.p.  112°.  Literature  [3]: 
m.p.  112°. 

Found  %  C  79.33;  H  6.24;  N  6.61.  C14II13ON.  Calculated  T*:  C  79.59;  11  6.20;  N  6.62. 

Evaporation  of  the  gasoline  mother  liquors  yielded  3.8  g  of  p-acetyltriphcnylamine  with  m.p.  137-138°. 
Crystallization  from  methanol  gave  yellowish  crystals  with  m.p.  139-140°. 

Found  7°:  C  83.76;  H  5.85;  N  4.73.  CjqH^ON.  Calculated  %  C  83.59;  H  5.96;  N  4.87. 

b)  A  mixture  of  2.76  g  of  N -acetyl -p-aceiyldiphenylaminc  and  60  ml  of  157o  hydrochloric  acid  was  boiled 
for  1.5  hr  in  a  flask  with  a  reflux  condenser.  The  mixture  was  cooled  and  the  crystals  filtered  off  and  washed  with 
water.  7'hc  product  was  triturated  with  57o  sodium  carbonate  solution,  filtered,  washed  with  water  (weight  2.2  g, 
m.p.  96-98°)  and  crystallized  from  gasoline.  Yield  1.1  g(47.77o),  m.p.  105-108°.  Rccrystallization  gave  yellowish 
prisms  v/ith  m.p.  111-112°;  no  depression  in  admixture  with  the  p-acetyldiphenylamine  obtained  by  the  preceding 
method. 


SUM  MARY 

1.  A  study  was  made  of  the  arylation  with  iodobenzene  of  esters  of  m-  and  p-acetaminobenzoic,  phthalic 
and  isophthalic  acids  and  of  p-acctaminoacetophcnouc,  also  of  the  arylation  by  the  ester  of  p-iodobenzoie  acid 
of  acetanilide  and  its  p-alkyl  derivatives  followed  by  hydrolysis  of  the  resulting  conipounds. 

2.  It  was  shown  that  these  methods  can  give  satisfactory  yields  of  diphenylamine-3-  and  -4-monocarboxylic 
acids,  of  corresponding  3,4-  and  3,5-dicarboxylic  acids,  and  also  of  p-nc.-tyldip^henylamine  free  of  derivatives  of 
triphenylaminc. 

•  Prepared  in  607>  yield  by  reaction  of  acetanilide  with  acetyl  chloride  in  carbon  disulfide  in  presence  of  aluminum 
chloride  [10]. 
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Quaternary  ammonium  compounds  of  various  structures  have  found  wide  practical  use  as  bactericidal  pre¬ 
parations  [1  ],  therapeutic  compounds  [2,  3j,  cation  active  substances  [4],  sensitizers  atid  desensitizers, pigment 
fixers,  etc. 

The  di-quaternary  compounds  are  no  less  important,  especially  derivatives  of  hexamethylene  diamine. 
Hexametliylene  diamine,  itself  and  its  derivatives  have  been  studied  chiefly  for  the  purpose  of  investigating  poly¬ 
condensations  [5,  6]  and  the  synthesis  of  N-monoalkyl  derivatives  and  N,  N'-dialkyl  derivatives  [7]. 

In  recent  decades  the  attention  of  investigators  has  been  attracted  to  di-quaternary  salts  of  hexamethylene 
diamine  derivatives,  hexonium,  hexonium  B  and  others  [8-11]  which  arc  used  in  medicine. 

In  order  to  study  biological  action  we  have  synthesized  di-quaternary  derivatives  of  hexamethylenediamine 
from  inonochloroacctic  acid  and  its  esters.  We  started  from  hexamethylene  diamincifrom  which  we  obtained  hexa 
mcthylenc-l,G-bis-dimcthylaminc  by  the  method  described  in  the  literature  [12].  Hexamethylcnc-bis-dimethy- 
laminc  has  a  strongly  basic  character  [7]  and  therefore  easily  reacts  with  halocstcrs  of  the  aliphatic  series,  a  fact 
which  v/c  have  utilized  in  the  synthesis.  We  showedthar  esters  of  monochloroacetic  acid  with  a  high  molecular 
weight  react  with  hexamethylene  bis-dimcthylamino  the  more  slowly,  the  longer  the  carbon  chain  of  the  alkyl 
group,  and  that  the  normal  structure  reacts  more  easily  than  the  iso-structure.  We  used  a  two  stage  process  to 
obtain  the  di-quaternary  salts  of  hexamcthylcnc-1 ,6-bis-dimethylaminoacctic  acid  and  its  esters.  Starting  from 
hexamethylene  diamine,  formalin,  and  formic  acid  we  obtained  hcxamethylene-1  ,G-bis-dimcthylaminc  [11]. 
which  was  isolated  from  the  resulting  formate  by  NaOH  solution. 

HuNfClIsJcN'lla  +  4Clip  GllCOOll  ->  (CllaJoNXCllzJcNCCIla).,  •  2I1GOOH  -}-  /1GO2  -|- 
(Gll3)2N(Gll2),N(Gll3)2  .  2HG0011  2NaOH  -  .  (Gll3)2N(GIl2)uN(Cll3)2  -|- 
-[-2nGOONa-{-21IoO 


In  the  second  stage  hcxamethylene-1 ,6-bis-dimethylamine  acted  on  the  ester  of  monochloroacetic  acid. 
The  reaction  was  run  in  a  medium  of  anhydrous  ether.  The  di-qnaternary  salt  precipitated  as  a  v/hite,  crystalline 
mass.  Thus  we  synthesized  the  di-quaternary  salts  of  hc.xamethylcnc-1  ,G-bis-dimcthylaniinoacctic  acid  and  its 
dimethyl,  diethyl,  di-n-propyl,  diisopropyl,  di-n-butyl,  diisobutyl,  di-n-amyl,  and  diisoamyl  esters,  whose  struc¬ 
ture  and  properties  are  given  in  the  table. 
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Ffoperti'ss  of  the  Dichlorides  of  Hcxaircthylene-l  ,6-bLs-dinicthylaminoacetic  Acid  and 
Its  Esters 
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All  these  compounds  are  white,  crystalline,  hygroscopic  substances,  very  soluble  in  water,  less  so  in  alcohol, 
insoluble  in  ether,  benzene,  and  acetone. 

In  the  series  of  resulting  di-ejuaternary  salts  the  esters  with  normal  structure  showed  an  increase  in  melting 
point  of  about  10*  with  increase  in  molecular  weight  due  to  advance  to  the  next  honmlog. 


EXPERIMENTAL 

llcxa methylene -1 ,6-bis-dimethylaininoacetic  acid  dirhloride.  Twenty-one  g  of  monochloroacetic  acid  was 
mixed  with  CO. 5  g  of  sodium  acetate  (ClljCOtONa  *31120)  at  room  temperature.  To  the  resulting  mixture,  with 
energetic  stirring,  was  gradually  added  17.2  g  of  hexamethylene-1 ,6-bis-dimethylaminc.  Then  the  reaction  mix¬ 
ture  was  heated  on  a  water  bath  to  80*  for  30  minutes,  after  which  15  ml  of  water  was  added  and  1  g  of  sodium 
bicarbonate:  heating  was  continued  for  30  minutes  more.  The  cooled  reaction  mass  was  acidified  with  hydrochloric 
acid  to  a  strongly  acid  reaction.  The  solution  was  evaporated  dry  on  a  v/atcr  bath.  The  dry  residue  was  treated 
with  anhydrous  alcohol,  the  crystals  of  NaCl  were  filtered  off  and  the  product  from  the  filtrate  was  precipitated 
with  absolute  ether.  After  two  reprecipitations  the  rtrnlting  substance  had  the  physical  properties  rhown  in  the 
table. 

Dimethyl  hcxainethyleiie-1  ,C-bis-dimethylaininoacetatc  dichloride.  A  solution  of  0.05  inole  of  hexamethy- 
lenc-1 ,6-bis-dimethylamine  in  absolute  ether  (1 :  2)  was  added  gradually  with  energetic  stirring  to  0.11  mole  of 
methyl  monochloroacetate  mixed  with  absolute  ether  (1 : 1).  A  white,  crystalline  mass  formed  at  once.  The  reac¬ 
tion  mixture  stood  for  a  day  at  room  temperature.  Then  the  reaction  product  was  filtered  off,  washed  three  times 
with  absolute  ether,  and  was  twice  recrystallizcd  from  anhydrous  alcohol  by  precipitation  with  absolute  ether. 

The  remaining  compounds  of  this  series  were  obtained  in  an  analogous  way. 

S  U  M  MARY 

1.  We  have  synthesized  for  the  first  time  hexamethylene-1 ,6-bis-dimcthylamlnoacetic  acid  dichloride. 
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2.  We  have  studied  the  reaction  of  hexamethylene-1 ,6-bis-dimcthylan)ine  with  esters  of  monochloroacetic 
acid.  We  iiave  obtained  eight  new  dichlorides  of  dialkyl  hexaniethylcne-l,6-bis-dimethylaminoacetate, 

3.  With  increase  In  the  size  of  the  alkyl  radicals  in  the  ester  series  their  chemical  reactivity  with  hexa- 
mcthylcne-1  .G-bis-diniethylaniinc  decreases. 

4.  We  have  shown  that  in  the  scries  of  tlie  resulting  di-quaternary  salts  of  the  above-mentioned  esters  with 
normal  structure  with  increase  in  molecular  weight  between  two  homologs  the  melting  point  increases  by  about 

10*. 
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THIAZ0HNE--1-CAR[30XYI,!C  ACID  AND  ITS  DERIVATIVES 


\X.  THE  CONDENSATIONS  OF  N-ACETYLPIMETHYLCYSTEINE  WITH 
COMPOUNDS  WHICH  HAVE  AN  ALDEHYDE  FUNCTION 

I .  T  .  S 1 1 II  k  o  V 

S.  Ordzlionikklzc  AU-UiUon  Research  Chemicopharniacentical  Institute 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  8, 
pp.  2701-2704,  August,  1960 
Original  article  submitted  July  23,  1959 


One  of  the  ideas  suggested  for  the  synthesis  of  penicillin  was  that  the  thiazolidine  and  8 -lactam  rings  be 
closed  at  the  same  time,  using  various  N-penaldylpcnicillamincs  or  their  acetals  [1-3].  The  latter  were  heated 
without  catalysts  or  in  their  presence,  to  liberate  the  aldehyde  function  from  the  acetal,  but  in  no  case  was  peni¬ 
cillin  obtained,  although  in  some  experiments  the  reaction  mass  had  weak  antibiotic  activity  [1]. 

It  is  possible  that  penicillin  under  these  conditions  either  was  not  obtained  at  all  or  was  inactivated  as  an 
unstable  compound.  Also,  no  compounds  were  isolated  which  would  permit  following  the  conversion  of  the  acetal 
of  N-pcnaldylpenicillaminc  v/hen  it  was  heated  under  different  conditions. 

On  this  basis  the  investigators  came  to  believe  that  aldehydes  react  with  difficulty  with  8 -mcrcapto-a- 
acylamino  acids  [1].  However,  I.  L.  Knunyants  and  co-workers  were  able  to  show  that  N-acetyldimethylcystelne 
easily  reacted  witli  benzaldehyde  in  dioxane  saturated  with  dry  hydrogen  chloride  and  they  obtained  in  good  yield 
2-phenyl -5,5-dimcthyIthiazolidine -4 -carboxylic  acid  [4], 

These  contradictory  results  induced  us  to  make  a  further  study  of  the  reaction  of  N-acctyIdImethylcysteine 
with  aldehydes.  It  is  fully  acceptable  theoretically  that  compounds  with  aldehyde  groups  should  react  differently 
with  8 -mercapto-«-acyIamino  acids  depending  on  the  mobility  of  the  hydrogen  on  the  carbon  atom  next  to  the 
aldehyde  group.  With  limited  mobility  of  the  hydrogen, thiazolidine  compounds  (II)  can  be  formed,  and  in  the 
contrary  case,  8-S-vinyl  substituted  8-mercapto  a-acylam?.no  acids  (I).  Benzaldehyde  In  this  case  is  exceptional, 
since  in  it  there  is  no  hydrogen  atom  on  the  carbon  next  to  the  aldehyde  group. 

To  test  this  suggestion,  we  took  phenylacetaldehyde,in  which  there  is  a  good  mobility  of  the  hydrogen  atom 
in  the  Cllj  group.  In  its  reaction  with  N-acctyldlmethylcystelnc  in  dioxane  saturated  with  dry  hydrogen  chloride 
we  obtained  8 -S-styryl-N-acetyIdimctliylcysteinc  (I). 
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The  isomeric  2-benzyl-3-acetyl-5,5-duricthylthiazolidiiie-4 -carboxylic  acid  (II)  was  prepared  from  dlmeiliyl- 
cystcine  hydrobromidc  and  phenylacetaldehydc  with  later  acetylation  of  the  2-bcnzyl-5,5-dimcthylthiazolidine-4- 
carboxylic  acid  by  acetic  anhydride. 


Compounds  (I)  and  (II)  differ  in  their  pliysical  properties:  the  first  melts  at  144-146*,  tire  second  at  174-175*. 
They  have  different  ultraviolet  spectra.  In  the  spectrum  of  fi -S-styryl-N-acetyldimethylcysteine  (I)  with  a  con¬ 
jugated  double  bond  with  the  plicnyl  group  there  is  a  band  X-niax  ^  4.2),  while  the  isomeric  compound 

(II)  has  a  band  at  260  nip  (Ig  c  2.4).  In  the  infrared  spectrum  of  B -S-styryl-N-acctyldimethylcysteinc  there 

is  an  absorption  band  at  1562  cm"*,  which  is  characteristic  for  SCH  =  CllCgils  groupings,  while  in  the  spectrum  of 
the  thiazolidinc  compound  this  band  is  absent. 

N-Acctyldimctliylcysteinc  also  reacts  easily  with  ethyl  formylphenylacetate  (III)  in  dioxanc  saturated  with 
dry  liydiogcn  chloride.  Due  to  the  differing  solubilities  of  the  sodium  salts  we  isolated  from  the  reaction  mass  two 
compounds  with  melting  points  153-15-i*  and  151-155*.  They  were  not  identical  since  their  mixture  showed  a  con¬ 
siderable  depression.  Their  infrared  spectra  had  the  absorption  band  1567  cm"*, characteristic  for  the  SCH  =  CHCjHg 
group.  On  this  basis  the  compounds  can  be  considered  spatial  isomers  of  6-S-(a-phenyl-a-carbctboxyvinyl)-N- 
acetyldimethylcystcine  (IV,  compounds  A  and  B). 
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(IV),  isomers  A  and  B 


It  remains  to  explain  whether  S-vinyl  substituted  N-acetyldimcthyl cysteines  can  be  converted  by  heating 
to  the  corresponding  thiazolidinc  compounds,  as  occurs  in  S-vinyl  substituted  cysteine  [5].  A  solution  of  this 
question  on  a  simple  model  compound  was  of  great  interest  for  v.'ork  on  the  transformation  of  N-pcnaldylpenicil- 
lamine  (V)  into  penicillin  (VII)  through  the  corresponding  1,4-thiazepine  (VI),  where  R  is  a  group  characteristic 
of  penicillins. 
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For  this  purpose  B -S-styryl-N-acetyldimcthylcysteine  and  6 -S-(a-phcnyl-cr-carbethoxyvinyl)-N-acctyldi- 
meihylcystcine  (isomers  A  and  B)  were  heated  in  an  inert  solvent.  However,  the  hydrogen  of  the  amide  group  had 
very  weak  mobility  and  evidently  for  this  reason  could  not  form  the  thiazolidine  ring. 

Thus,  the  prospects  for  obtaining  penicillins  from  unsaturated  thiazepine  compounds  seem  unlikely. 

EXPERIMENTAL 

B  -S-Styryl-N-acetyldimethylcysteine  (I).  To  1  g  of  N-acctyIdimcthylcystcine  and  1  g  of  freshly  distilled 
phenylacetaldehydc  was  added  5  ml  of  dioxane  saturated  with  dry  hydrogen  chloride.  On  the  next  day  the  mass 
was  diluted  with  50  n)l  of  water  and  extracted  with  ether.  The  substance  was  extracted  from  the  ether  solution 
by  a  solution  of  sodium  bicarbonate.  The  aqueous  solution  was  acidified  v/iih  hydrochloric  acid  and  the  oil  which 
precipitated  was  again  removed  with  ether  and  after  drying  with  niagnesium  sulfate,  the  ether  was  removed.  To 
the  residue  was  added  8  ml  of  toluene  and  it  remained  for  several  days  for  crystallization.  The  resulting  colorless 
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crystals  were  rccrystallized  several  times  from  toluene.  Frisrns  with  m.p.  144-llG*.  The  substance  was  soluble 
in  ether,  alcdiol,  acetone,  ethyl  acetate,  anJ  chloroform,  msolnble  in  benzine. 

Found  "7o:  C  61.63:  11  6.50;  N  4.67;  S  11.05.  C15H19O3NS.  Calculatedfo:  C  61.42;  H  6.53;  N  4.77;  S  10.91. 

V/e  boiled  0.2  g  of  fl -S-styryl-M-acetyldimethylcystcine  with  4  ml  of  dry  toluene  for  15  hours.  The  toluene 
was  distilled  off  to  1  ml  and  the  residue  crystallized  in  the  refrigerator.  The  colorless  crystals  were  filtered  off. 
Weight  0.15  g,  m.p.  144-146*.  A  mixture  with  the  starting  compound  showed  no  depression. 

2-Denzyl-5,5-dimeihylthiazoUdinc-4-carboxylic  acid.  One  g  of  dimethylcystcinc  hydrobromide  was  dis¬ 
solved  in  3  ml  of  water  and  we  ackled  0.36  g  of  sodium  acetate,  0.6  g  of  freshly  distilled  phcnylacctaldchydc, 
and  lieatcd  for  one  Iionr  on  a  boiling  water  bath.  After  ceding,  wc  extracted  the  reaction  mass  with  ether  and 
then  extracted  tlie  resulting  compound  from  the  ether  with  a  solution  of  ‘odium  bicarbonate.  After  acidification 
of  the  water  solution  with  liydrocliloric  aeid  to  a  weakly  acid  reaction  the  precipitate  was  separated,  dried,  and 
rccrystallizcd  from  alcoliol.  M.p.  125-127*.  The  substance  was  soluble  in  ether,  alcohol,  acetone,  ethyl  acetate 
and  poorly  soluble  in  chloroform  and  toluene. 

Fvmnd  "k  C  61.35;  11  6.93;  N  5.52.  CijHjjOjNS.  Calculated  C  62.10;  H  6.81;  N  5.57. 

2-Ecnzyl-3-acctyl-5,5-dimethylthiazolidine-4-carboxylic  acid  (II).  We  dissolved  0.35  g  of  2-benzyl-5,5- 
dimeihylthiazolidine-4-carboxyIic  acid  in  5  ml  of  pyridine,  added  1  mf  of  acetic  anhydride,  and  allowed  the  mix¬ 
ture  to  stand  until  the  next  day.  The  reaction  mass  was  diluted  with  30  ml  of  water,  acidified  with  207o  sulfuric 
acid  and  the  substance  which  separated  was  extracted  with  ether.  The  solution  v/as  washed  with  water,  dried  over 
magnesium  sulfate,  and  the  ether  disiilled  off.  Colorless  crystals  remained  which  were  rccrysiallized  from  a  small 
amount  of  toluene.  Prisms  with  m.p.  174-175*.  The  substance  was  soluble  in  ether,  alcohol,  acetone,  and  ethyl 
acetate,  more  poorly  so  in  chloroform  and  toluene. 

Found  "k  C  61.11;  H  6.60;  N  4.87.  C15H19O3NS.  Calculated  C  61.42;  H  6.53;  N  4.77. 

6  -S-(  a-Phenyl-a-carbcthoxyvinyl)-N-acctyldimethylcysteine  (IV).  To  1  g  of  N-acetyldimethylcystcine 
and  1.72  g  of  ethyl  formylphenylacetatc  was  added  5  ml  of  dioxane  saturated  with  dry  hydrochloric  acid,  and  after 
shaking,  the  mixture  stood  until  next  day.  The  reaction  mass  was  diluted  with  water  and  extracted  with  ether. 

The  upper  layer  was  separated,  waslied  with  water,  and  the  substance  extracted  with  a  solution  of  sodium  bicarbonate 
A  sodium  salt  slowly  crystallized  from  the  water  solution.  After  several  days  it  was  filtered  off,  washed  with  cold 
water  and  the  precipitate  dissolved  in  warm  water  and  the  solution  was  acidified  with  hydrochloric  acid.  The  oil 
which  precipitated  quickly  crystallized.  Weight  0.85  g.  The  substance  was  rccrystallizcd  several  times  from  a 
mixture  of  acetone  with  ether.  Needles,  m.p.  153-151*.  Compound  (A)  was  sohible  in  alcohol,  acetone,  ethyl 
acetate,  and  chlorofoiin,  very  poorly  soluble  in  ether  and  benzene. 

Found  fo;  C  59.07,  59.01;  H  6.23,  6.14;  N  3.91;  S  8.80.  Ci8H2305NS.  Calculated  C  59.17;  H  6.34; 

N  3.83;  S  8.80. 

Wc  boiled  0.3  g  of  3 -S-(  a-phcnyl-ct-carbethoxyvinyl)-N-acetyldimethylcysteine  (compound  A)  with  10  ml 
of  dry  toluene  for  5  hours.  When  it  cooled  in  the  refrigerator  over  night,  we  isolated  a  colorless  crystalline  pre¬ 
cipitate  (0.28  g).  After  rccrystallization  from  acetone  with  ether  we  obtained  0.25  g  of  substance  with  m.p.  151- 
166*  which  gave  no  depression  when  mixed  with  the  starting  compound. 

The  mother  liquor  after  filtration  of  the  poorly  water  soluble  sodium  salt  was  acidified  with  hydrochloric 
acid  and  the  substance  which  separated  was  extracted  with  ether.  The  solution  v/as  waslied  with  water,  dried  with 
sodium  sulfate,  and  the  ether  distilled  off.  There  remained  1.1  g  of  a  colorless,  crystalline  substance  which  was 
rccrystallizcd  several  times  from  a  mixture  of  acetone  and  ether.  Frisms  with  m.p,  151-155*.  Substance  (B)  was 
soluble  in  alcohol,  acetone,  ethyl  acetate,  and  chloroform,  poorly  soluble  in  ether  and  toluene. 

Found  ‘7o:  C  59.24;  II  6.37;  N  3.70;  S  8.75.  CiglbaOgNS.  Calculated  C  59.17;  H  6.34;  N  3.83;  S  8.80. 

A  mixture  of  compounds  (A)  and  (B)  melted  at  137-138*. 

Compound  (B)  underwent  no  change  when  heated  with  toluene. 
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SUMMARY 


We  have  obtained  6 -S-styryl-N-acctyldiniethylc)'steine  and  6 -S-(a-phenyl-a-carbcthoxyvinyl)'N -acetyl  • 
diinetli/lcysteine.  These  compounds  could  not  be  converted  into  tlie  corresponding  isomeric  thiazolidine  com¬ 
pounds. 
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In  a  number  of  previous  communications  [1-6]  data  have  been  presented  on  the  study  of  reaction  kinetics 
in  benzene  for  p-nitrobenzoyl  chloride  and  plcryl  chloride  with  amino  derivatives  which  have  the  structures  (I) 
and  (11). 


_^-Nll2  (1) 

M  is  cither  a  hydrocarbon  bridge  grouping  (-CH2-,  -CHj-CHj-,  -CH  =  C11-,  -C  =3  C-,  etc.)  or  a  bridge  of 
heteroatoms  (-0-  or  -S-). 

It  was  found  that  the  ability  to  transmit  the  effect  of  a  nitro  group  on  the  rate  of  acylation  of  the  amino 
group  in  a  molecular  system  of  the  form 


(III) 

could  be  more  or  less  quantitatively  characterized  by  the  ratio  of  rate  constants  for  the  reactions  of  mono  and  dl- 
substituted  derivatives,  for  example  X^/ (factor  0.  * 

In  the  present  communication  we  give  data  on  the  study  of  the  kinetics  of  analogous  reactions  in  the  series 
of  amino  derivatives  of  diphenylamine  (M  =  -Nil-)  and  trans-azobenzene  (M  =  -N=N-)  under  conditions  entirely 
identical  with  those  preceding,  which  permits  us  to  explain  the  nature  of  the  transfer  of  the  effect  of  the  substi¬ 
tuent  from  one  benzene  ring  to  the  other  in  a  molecular  system  of  type  (III)  in  the  case  of  compounds  of  these 
rings  with  nitrogen-containing  bridges. 


EX  PERIMENTAL 

I.  Prep aratlon  and  Purification  of  Starting  Substance 

Benzene,  p-nitrobenzoyl  chloride  [7],  and  picryl  chloride  [4]  were  purified  as  described  before. 
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4“Aminodiphcnylaininc  (I,  M=  -NH-).  A  commercial  product  ("pure")  was  recrystallized  oiicc  as  the  hy¬ 
drochloride  from  dilute  hydrochloric  acid  if:  2)  with  activated  charcoal.  The  salt  was  ground  with  a  cold  aqueous 
solution  of  ammonia;  the  free  base  thus  obtained  was  washed  with  water  and  twice  rccrystallized  from  alcohol  with 
activated  charcoal.  This  operation  had  to  be  carried  out  as  fast  as  possible,  because  v.’hcn  the  alcohol  solution  was 
allowed  to  stand,  it  became  colored.  After  two  recrystallizations  from  a  mixture  of  benzene  and  ligroin  (1 : 2) 
and  vacuum  drying  for  three  hours  at  35*,  tlie  product  was  colorless  (or  light  rose  colored)  and  had  in.p.  75.5-76* 
(according  to  [8],  75*). 

4-Amino-r-nittodiphenylamine  (11,  M=  -Nil-)  was  obtained  by  the  method  described  in  the  literature  [9]. 
The  unpurified  product  (red  color)  was  dissolved  in  a  mixture  of  benzene  and  acetone  (2: 1)  and  chromatographed 
on  aluminum  oxide.  The  main  fraction  of  the  amine  was  washed  out  with  the  satne  mixture  of  solvents  from  which, 
after  partial  evaporation,  a  yellow  precipitate  separated,  with  m.p.  204-205*.  It  was  rccrystallized  from  alcohol. 

It  is  interesting  that  from  the  still-warm  alcohol  solution  there  precipitated  also  yellow  crystals  with  m.p.  205- 
207*  which,  under  this  solution,  gradually  over  several  hours  changed  to  a  red  form  with  m.p.  212-213*.*  After 
rccrystallization  from  benzene  tlie  melting  point  of  the  red  crystals  did  not  change  (in  the  literature  [10]  this  form 
is  reported  with  m.p.  212*).  Evidently  the  yellow  form  is  a  mctastablc  polymorphic  modification  of  4-amino-4'- 
nitrodiphcnylamine. 

Trans-4-aminoazobcnzenc  (I,  M=  -N=N-).  A  commercial  preparation  ("pure")  was  rccrystallized  twice  as 
the  salt  from  a  mixture  consisting  of  different  volumes  of  water,  glacial  acetic  acid,  and  concentrated  hydrochloric 
acid.  The  hydrochloride  was  ground  with  concentrated  ammonia  solution  and  was  converted  to  the  free  base  which 
was  then  twice  rccrystallized,  first  from  alcohol,  and  then  from  benzene.  After  drying  in  a  vacuum  for  three  hours 
at  100*,  it  melted  at  12G*  which  agreed  with  the  literature  [11]. 

Ttans-4-amino-4'-nitroazobcnzcne  (II,  M=  -N=N-)  was  prepared  by  the  described  method  [12].  The  sub¬ 
stance  was  purified  from  the  accompanying  tarry  impurities  by  passing  its  toluene  solution  through  a  column  of 
aluminum  oxide.  The  product  which  w'as  isolated  by  evaporation  of  the  toluene  was  dissolved  in  boiling  alcohol 
and  boiling  water  was  added  to  the  solution  to  the  formation  of  a  stal)lc  turbidity.  The  crystals  of  the  amine  which 
separated  after  the  solution  had  stood  for  12  hours  were  rccrystallized  two  or  three  times  as  the  salt  from  the  same 
mixture  of  acids  and  water  as  the  4-aininoazobcnzcnc.  The  free  base  obtained  from  the  hydrochloride  by  grinding 
with  ammonia  was  dark  red  and  was  twice  recrystallized  from  benzene.  After  drying  in  a  vacuum  for  four  hours 
at  100*  it  melted  at  217*. 

11.  Methods  of  Kinetic  Measurements  and  Results 

The  methods  of  calculating  the  second  order  rate  constants,  Arrhenius  energy  of  activation  (E;^),  frequency 
factor  (A)  and  entropy  of  activation  (AS#)  were  described  before  [13].  For  measurement  of  the  rate  of  reaction 
of  the  amino  derivatives  of  azobenzene  with  p-nilrobenzoyl  chloride  and  picryl  chloride  we  used  the  earlier  de¬ 
scribed  method  [1]  according  to  which  the  aromatic  amino  group  was  determined  by  potentiomctric  titration  witli 
sodium  nitrite.  In  the  case  of  the  amino  derivatives  of  diphenylamine,  this  method  was  unsuitable,  since  both  4- 
aminodiphenylamine  and  its  4’-nitro  derivative  in  the  nitrite  titration  after  rapid  reaction  v.’ith  an  equimolccular 
amount  of  nitrous  acid  then  slowly  reacted  with  a  further  amount  of  HKO^  (probably  because  of  reaction  with  the 
-NH-  group), which  made  quantitative  calculation  difficult.  Therefore,  in  measuring  the  rate  of  reaction  of  the 
4 -amino  derivatives  of  diphenylamine  we  used  another  method, which  was  the  following. 

The  working  solutions  of  amine  and  picryl  chloride  (20  ml  each). as  in  measuring  the  rate  by  the  first  me¬ 
thod,  were  poured  into  the  sariic  flask  \.'ith  a  ground-glass  stopper.  Reaction  was  stopped  here  by  pouring  into  the 
niLxturc  of  reacting  substances  8-10  inl  of  0.1  K  nitric  acid.  After  energetic  mixing  of  the  contents  of  the  flask 
for  one  minute  they  were  poured  into  a  separatory  funnel.  Then  10  ml  of  distilled  water  v.-as  added,  the  mixture 
was  shaken  energetically,  and  the  water  layer  was  separated.  7'he  benzene  layer  v/as  extracted  four  times  more 
using  10  ml  of  v/ater  each  time,  and  the  flask  in  which  the  reaction  took  place  was  rinsed  with  the  first  portions. 

To  the  combined  extracts  was  added  the  mixed  indicator  [14] (diphenyl  carbazone  ^  bronrplicnyl  blue)  and  after 
bringing  the  solution  as  recommended  [14]  to  a  corresponding  pH,  the  chloride  ion  was  determined  by  titration 
with  0.01  N  Hg  (N03)2.  In  order  to  determine  the  amount  of  llg(N03V,  used  by  chloride  contained  in  the  form  of 
•  If  after  chromatography  the  product  v.'as  rccrystallized  as  the  hydrochloride  from  dilute,  (1:3)  hydrochloric  acid 
and  the  hydrochloride  was  decomposed  with  a  hot  concentrated  ammonia  solution  and  then  recrystallizcd  from 
alcohol,  we  obtained  at  once  the  red  product  with  m.p.  212-213*. 
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TABLE  1 


Reaction  Rate  Coiiitants  of  Some  Arniacs  with  Picryl  Chloride  at 
Different  Dihitions 


Amine  j 

a  (m) 

b  (m) 

liter/  mole  •  sec 

4- Aminodiplienyl-  | 

0.f»0n625 

0.00125 

2.98 

amine  1 

0.00125 

0.002.5 

2.85 

4- Amino-4-nitro-  ( 

0.000625 

0.001 25 

0.0689 

diphcnylamine  \ 

0.0004167 

0.002083 

O.OliGO 

1- Aminoazeben-  1 

0.008.13 

0.01  (i07 

0.00214 

zene  1 

0.005 

0.01 

0.00202 

impurities  in  tlie  water  and  reaj^ents,  we  alv/ays  ran  a  parallel  control  experiment  which  repeated  all  the  condi¬ 
tions  of  the  above  experinient,  but  instead  of  the  wording  solutions  of  picryl  chloride  wc  used  pure  ben/ene.  In 
the  case  of  the  reaction  of  4-amino-'r-nitrodiphenylamine  this  was  especially  important,  since  the  solution  of 
the  salt  of  the  amine  was  colored. 

Before  each  series  of  kinetic  measurements  it  was  advisable  to  ascertain  the  reliability  of  the  prepared  work¬ 
ing  solutions  of  picryl  chloride  and  amine,  for  which  purpose  a  mixture  of  the  reacting  components  either  in  mole¬ 
cular  ratio  1  ;2,  or  with  a  somewhat  greater  amount  of  amine,  was  kept  for  such  a  period  of  time  that  the  reaction 
was  known  to  be  completely  ended.  In  this  case  lOO/o  completion  of  the  reaction  was  shown  by  the  absence  of 
side  processes  and  by  correct  analytical  controls.  Finally,  we  tested  the  accuracy  of  the  method  by  measuring 
the  rate  of  the  earlier  studied  reaction  of  picryl  chloride  witli  4-amino-biphcnyl  where  we  used  the  ordinary  me¬ 
thod  of  stopping  the  reaction  by  diethylamine  and  carried  out  the  diazomctric  determination  of  the  amine.  Here 
we  obtained  results  which  agreed  well:  k25»  by  the  previous  (diazometric)  method  was  0.0744  and  according  to 
the  new  results  (mcrcurimetric  method)  0.0781  liter/ mole  •  second. 

The  reaction  rates  of  4 -amino  derivatives  of  diphcnylamine  with  p-nitrobenzoyl  chloride  were  so  rapid  that 
it  was  difficult  to  measure  them.  The  reaction  with  picryl  cliloride  also  proceeded  very  rapidly;  therefore  the 
measurement  of  the  rate  here  was  possible  only  with  considerable  dilution  of  the  reacting  components. 

In  all  the  main  experiments  the  Initial  concentration  of  p-nitrobcnzoyl  chloride  or  picryl  chloride  (a)  was 
always  half  the  initial  concentration  of  the  amine  (b).  Several  experiments  carried  out  at  different  initial  con¬ 
centrations  of  the  reagents  showed  that  the  rate  constants  of  the  studied  reactions  were  practically  unchanged  with 
dilution,  as  the  data  of  Table  1  indicate.  In  the  case  of  the  reaction  of  4-aniino  derivatives  of  diphenylamlne  we 
can  expect  that  picryl  chloride  will  react  not  only  with  the  primary,  but  with  the  secondary  amino  group.  It  was 
shown  by  control  measurements  that  under  the  conditions  of  the  kinetic  experiments  for  4-aminodiphenylamine 
and  4-amino-4’-nitrodiphcnylamine,  diphenylarninc  itself  did  not  react  to  any  considerable  extent  with  picryl 
chloride  even  after  48  hours.*  The  reaction  of  4-aminodtphenylamine  with  these  reagents  at  25*  occurs  to  the 
extent  of  about  IQflo  in  10  minutes,  when  a  =  0.000625  and  b  =  0.00125,  or  in  4  minutes  at  a  =  0.00125  and  b 
=  0.0025.  The  fact  that  side  reactions  in  our  case  did  net  play  a  practically  important  role  indicates  that,  as  al¬ 
ready  mentioned,  the  rate  constants  do  not  depend  on  dilution  and  arc  practically  unchanged  by  the  course  of 
the  reaction. 

The  reaction  between  4-amino-4’-nitroazobcn7,enc  and  picryl  chloride  was  sufficiently  slow.  We  could 
not  increase  its  rate  by  increasing  the  concentration  of  reacting  components* ’because  of  the  slight  solubility  of 

*  When  the  benzene  solutions  of  diphcnylamine  and  picryl  chloride  were  poured  together  there  was  no  visible  change 
in  color, which  indicates  the  absence  under  these  conditions  of  the  formation  of  a  molecular  compound  between 
these  substances  (cf.  [15]  and  [16]). 

•  •  In  order  to  work  with  the  maximum  concentration  of  reacting  substances  pouring  of  tlic  working  solutions  of 
amine  and  picryl  chloride  v/as  carried  out  not  in  equal  volumes,  but  in  such  a  way  that  to  1  ml  of  benzene  solu¬ 
tion  of  picryl  chloride  with  a  concentration  of  0.05  M  was  added  5  ml  of  a  solution  of  amine  with  concentration 
of  0.02  M. 
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TABLE  2 


Kinetics  of  the  Course  of  the  Reaction  of  4-Amlnodiphenylannne  with  Picryl  Chloride 
a  =  0.000625  mole,  b  =  0.00125  mole 


25“ 

10' 

‘i  i 

(in  min) 

yield 
( in  %) 

kj  (liter/ 
/moles  •  sec) 

,.  'i  . , 

(in  min) 

yield 

Un  ’’h) 

kj  (liter/ 

/  moles  •  sec) 

2 

31.9 

3.15 

2 

3 

26.6 

1.59 

2 

3 

40.6 

3.06 

2 

5 

36.7 

1.53 

2 

5 

52.1 

2.92 

2 

;  7 

45.6 

1.58 

2 

7 

60.9 

2.99 

2 

10 

54.4 

1.57 

2 

10 

67.3 

2.76 

2 

15 

62.6 

1.47 

2 

11 

O 

1 

=  2.98  ±  0.09 

*10®  “ 

=  1.55  ±  0.04 

Ea  =  1300  cal/mole;lg  A  =  5.83;  AS#  =  -33.8  cal/  deg*  mole 
TABLE  3 


Kinetics  of  Reaction  of  4-Amino-4'-Nitrodiphenylamlne  with  Picryl  Chloride 
a  =  0.000C25  mole,  b  =  0.00125  mole 


50® 

*1 

yield 

kj  (liter/ 

ti 

yield 

ki  (liter/ 

(in  min) 

(in  %) 

/  moles  -sec) 

(in  min) 

(in 

/  moles*  sec) 

50 

21.2 

0.0723 

2 

15 

19.3 

0.220 

2 

90 

31.4 

0.0682 

2 

33 

34.  t 

0.217 

2 

120 

37.6 

0.0673 

2 

50 

44.0 

0.217 

2 

180 

48.0 

0.0687 

2 

75 

52.9 

0.207 

2 

300 

60.4 

0.0681 

2 

115 

63.6 

0.210 

2 

Ajgjor^O.OGSO  ±  0.0017 

*50"  - 

=0.214  ±  0.004 

Ey^  =  8700  cal/  mole;  Ig  A  =  5.20;  ASH  ~  -36.8  cal/  deg.  mole 
TABLE  4 


Kinetics  of  Reaction  of  4-Aminoazobenzcnc  with  p-Nitrobenzoyl  Chloride 
a  =  0.005  mole,  b  =  0.01  mole 


25® 

50® 

ti 

yield 

ki  (liter/ 

*i 

yield 

ki  (liter/ 

(in  min) 

(in%) 

/  moles*  sec) 

(in  min) 

( in  *7o) 

/  moles*  see) 

r-i 

37 

20.9 

0.0120 

2 

13 

21.5 

0.0365 

2 

60 

29.7 

0.0118 

2 

20 

29.6 

0.0364 

3 

93 

41.1 

0.0126 

2 

40 

4.5.7 

0.0364 

3 

140 

49.0 

0.0115 

2 

57 

54.2 

0.0358 

2 

210 

60.8 

0.01 24 

2 

85 

64.4 

0.03GS 

3 

*25®  — 

0.0121  ±  0.0003 

Ayj,  0.0364  ±  O.OOOS 

Ey^  =8100  cal/ mole;  IgA  =4.27;  AS#  =  -41.1  cal/ deg ‘mole 
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TABLE  5 

Kinetics  of  Reaction  of  4-Aniino-‘r-Kitroazobenzene  with  p-Nitrobenzoyl  Chloride 
a  =  0.005  mole,  b  =  0.01  mole 


50“ 


H 

yield 

k-  (liter/ 

^i 

yield 

k.  (liter/ 

(in  min) 

(in  *7^) 

/  mclc*  sec) 

(in  min' 

(in  7°) 

/  mole*  sec) 

180 

10.2 

0.00222 

2 

67 

20.9 

0.00680 

340 

31.6 

0.00228 

2 

115 

31.1 

0.00678 

530 

43.3 

0.00242 

2 

180 

41.5 

0.00681 

270 

52.7 

0.00712 

420 

1 

1 

63.4 

0.00711 

---■=  0.00231  ±  O.OOOU9 

/f^,=0.00692  ±  0.00016 

=  8400  cal/ mole;  Ig  A  =  3.52;  ASrr  =  -44.5  cal/ deg ‘mole 


TABLE  6 

Kinetics  of  Reaction  of  4-Aminoazobenzene  with  Picryl  Chloride 
a  =  0.00833  mole,  b  =  0.01666  mole 


25° 


50° 


(in  min) 

yield 
( in  °lo) 

kj  (liter/ 

/  mole'  sec) 

(in  min) 

yield 
(in  °Ie) 

kj  (liter/ 

/  mole,  sec) 

) 

90 

16.6 

0.00223 

2 

30 

21.5 

0.00947 

180 

27.1 

0.00208 

2 

48 

31.1 

0.(H)973 

330 

41.0 

0.00212 

2 

75 

41.3 

0.00972 

500 

51.4 

0,0(t213 

2 

no 

51.3 

0.(K)992 

750 

61.3 

0.00213 

2 

170 

60.4 

0.00929 

=.0.00214  ±  0.00005 


0.00063  ±  0.00019 


E^  =  11500  cal/ mole;  Ig  A  =  5.77;  AS/^  =  -34.2  cal/ deg- mole 
TABLE  7 

Kinetics  of  Reaction  of  4-Ainino-4’-Nitroazobenzene  with  Picryl  Chloride 
a  =  0.00833  mole,  b  =  0.01666  mole 


50°  I  70° 


4 

(in  min) 

■yield — 

(in  %) 

k^  (liter/ 

/  mole,  sec) 

~1 

! 

4 

(in  min) 

yield 

(in 

kj  (liter/ 

/  mole,  sec) 

123 

14.8 

•  O.aiKiS 

2 

66 

19.6 

0.00391 

3 

240 

24.1 

0.00137 

2 

120 

30.3 

0.00385 

2 

400 

32.9 

0.00127 

2 

196 

41.7 

0.00387 

2 

720 

45.7 

0.00121 

2 

290 

51.4 

0.00387 

2 

1080 

57.0 

0.00127 

2 

440 

60.0 

0.00362 

2 

A-jgc  =0.00132  ±  0.00006 

k^^o  =0.00383  ±  0.00009 

E^  =  11700  cal/ mole;  Ig  A  =  5.06;  AS#  =  -37.6  cal/ deg ‘mole 
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to  to  NS  to  I;  3  I  lO  NO  to  to  to 


Combined  Data  on  Reaction  Kinetics  of  Amines  with  p-Nitrobenzoyl  Chloride  and  Picryl  Chloride 


the  arnLie  in  benzene;  therefore  the  kinetic  measurements  were  carried  out  at  50*  and  70*,  and  the  required  value 
for  ilic  rate  constant  for  25*  was  calculated  by  ilie  Arrhenius  equation.  The  reality  of  this  value  v/as  confirmed  by 
Liie  f.ut  t’i'.r.  it  aj^recd  v/ith  the  value  of  the  constants  determined  exjxjrimentally  for  one  time  Interval  only  (20 
hour,  yield  25,97'’):  “  0.000285,  and  k^j^p  =  0.000236  liter/ mole •  sec. 

Th  :  rrimerical  data  for  the  reaction  of  the  amino  derivatives  of  diphenylamine  and  azobenzene  are  given 
ill  detail  in  tables  2-7,  where  the  following  designations  are  used:  and  k  are  the  respective  average  values  for 
the  rate  constant,  1)  for  a  given  segment  of  time  tj  on  number  of  measurements  n^,  and  2)  for  all  Inj  measure¬ 
ments,  hi  these  tables  in  the  second  column  we  give  average  values  for  the  yield  of  the  reaction  for  the  measure¬ 
ments  nj.  In  Table  0  .are  given  the  chief  results  of  the  kinetic  studies  in  the  present  work,  and  also  of  some  reac¬ 
tions  which  v;c  studied  earlier. 


DISCUSSION  OF  RESULTS* 

Comparison  of  the  reaction  rates  of  aniline  and  l-aminodiphcnylamine  shows  that  introduction  of  the  group 
CfiHsNU-  in  the  para  position  of  the  molecule  of  aniline  permits  a  considerable  increase  in  the  rate,  which  indi¬ 
cates  the  clearly  evident  electron  donor  properties  of  this  group.  The  very  low  reactivity  of  4-aminoazobcnzene 
compared  to  aniline  certainly  depends  on  the  fact  that  the  CiH5N=N-  group  is  a  strong  electron  acceptor. 

As  already  mentioned  above  we  can  judge  the  intensity  of  transmission  of  reaction  of  the  substituent  from 
one  benzene  ring  to  the  other  in  molecular  systems  of  type  (HI)  by  the  ratio  of  rate  constants  for  the  reaction  of 
mono  and  disubstituted  derivatives  ( factor J[).  In  Table  9  we  give  values  of^  from  which  we  see*  *  that  in  the 
molecular  system  of  diphenylamine  the  effect  of  tlic  nitro  group  on  the  reactivity  of  the  amino  group  is  especially 
strong.  It  is  much  more  clearly  shown  than  in  the  biphenyl  system,  v/here  the  benzene  rings  are  joined  directly 
together.  \v’c  have  already  found  such  an  effect  in  studying  the  reactivity  of  analogous  derivatives  of  diphenyl 
oxide  and  diphenyl  sulfide  [1-3],  Actually,  the  values  ofjf  for  tlic  last  two  molecular  systems  are  also  greater 
than  in  the  case  of  the  biphenyl  system.  Thus,  tlic  introduction  of  one  bridge  hetcroatom  between  the  benzene 
rings  ill  tlic  biplieuyl  molecul.ar  system  along  v/ith  the  spatial  separation  of  tlicse  rings  leads  not  to  a  weakening, 
but  to  a  streiigliieniiig  of  the  transfer  of  the  effect  of  the  nitro  group  on  the  reactivity  of  the  arnlno  group;  here 
the  effect  docs  not  depend  on  the  electron  donor  or  electron  acceptor  properties  of  the  heteroatom  bridge.  All 
this,  as  already  mentioned  earlier  [1-3], certainly  depends  on  the  presence  in  the  heteroatom  of  an  unshared  p- 
electroii  which  assures  a  p,  ir  conjugation  of  the  form 


/O’ 

^0 


As  a  result  of  such  conjugation  there  should  occur  on  the  heteroatom  an  effective  positive  charge  (  6  +  ), 


which  is  confirmed  by  the  experimental  results:  all  the  substituents  of  O2N 


—  M —  ,  where  M  is  a 


bridge  heteroatom ,h."vc  electron  acceptor  properties  (see  Table  8).  If  the  benzene  rings  are  joined  by  a  singlc- 
membered  bridge  in  the  form  of  a  methylene  group  which  does  not  contain  an  unshared  p-elcctron  (the  molecular 
system  of  dipheiiylmethane),  tlien  here  we  find  the  effect  usual  for  such  cases,  which  show  a  weakened  transfer 
of  the  effect  of  the  nitro  group  on  the  reactivity  of  the  amino  group  (compared  to  the  biphenyl  molecular  system). 
It  seems  to  us  that  this  pardcularly  emphasizes  the  value  of  p,  tt  conjugation  in  the  transfer  of  reaction  of  the  sub¬ 
stituent  in  molecular  systems  with  bridge  heteroatoms. 


Although  the  bridge  grouping  -N=N-  assures  a  single  chain  of  conjugated  double  bonds  between  the  opposite 
ends  in  a  molecular  system  of  azobenzene,  the  effect  of  the  para  substituent  in  this  system  is  much  weaker  tlian 
in  the  case  of  a  system  with  one  bridge  heteroatom  (-0-,  -S-,  -NH-).  This  can  be  explained  by  the  considerable 
spatial  extent  of  the  azobenzene  molecular  system,  which  contains  a  two-membered  bridge,  and  again  by  the  great 


*  See  Table  8. 

*  *  These  values  are  of  just  the  same  type  in  qualitative  and  quantitative  respects  for  both  series  of  reactions.  Only 
in  reactions  with  picryl  chloride  £  always  is  somewhat  higher,  which  agrees  with  the  special  sensitivity  of  this  reac¬ 
tion  to  structural  changes  in  the  molecules  of  the  amino  derivatives  [15]. 
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TABLE  9 

Values  of  Factor  f  for  Different  Molecular  Systems 


f25*  for  reaction  with 

Molecular  systems 

p-  nitrobenzoyl 
chloride 

picryl  chloride 

10.6 

13.6 

12.1 

— 

23.8 

— 

\=/  ^  \ - ^ 

— 

43.3 

4.34 

5.96 

-^~^-ClJ=ClI-<f  (<j 

4.89 

5.12 

1 

/X 

u 

1 

z 

II 

z 

1 

/X 

1 

5.24 

7.51 

role  of  the  p,  n  conjugation  in  the  system  with  the  one  bridge  heteroatom.  The  value  of  the  factor  J  for  the  azo- 
bcnzcnc  molecular  system  is  almost  the  same  as  in  the  case  of  the  completely  similar  system  of  trans-stilbcne 
[4],  although  both  of  the  studied  azobcnzenc  derivatives  were  considerably  less  reactive  than  the  analogous  stil- 
bene  derivatives.  The  small  increase  in_f  on  going  from  the  stilbenc  system  to  the  azobenzene  system  need  scarce¬ 
ly  be  taken  into  account,  although,  possibly,  it  is  also  determined  by  the  fact  that  in  azobenzene  transfer  of 
ilie  electron  effect  of  the  substituent,  as  assumed  by  V.  A.  Izmail'skii  and  E.  A.  Smirnov  [17],  occurs  not  only 
because  of  the  n  -electrons  of  the  double  bond  in  the  azo  group,  but  also  partly  from  the  unshared  p-electrons  of 
the  niuogen  atom. 

We  have  repeatedly  observed  previously  [l-d,  6]  that  conclusions  as  to  the  reactions  of  substituents  in  such 
two-ring  molecular  systems  with  bridge  atoms  and  groups,  based  on  results  of  a  chemical  method  of  study,  often 
differ  from  the  results  of  spectroscopic  study  of  such  systems.  The  facts  brought  out  in  the  present  work  further 
illustrate  this  position.  Thus,  according  to  the  results  of  V.  A.  Izmail’skii  and  A.  M.  Simonov  [18]  the  group  -NIl- 
in  the  diphenylamine  molecular  system  plays  the  part  of  an  insulator  of  the  effect  of  conjugation  and  transfers 
only  the  inductive  effect.  The  well-known  book  of  Brode  [19]  states  that  this  group  is  an  insulator  for  optical  effects, 
although  it  should  be  noted  that  on  the  basis  of  the  same  optical  measurements  (absorption  spectra)  A.  A.  Kharkliarov 
[20]  stated  that  in  some  conjugated  systems  replacement  of  the  group  -N=N-  by  the  -NH-  chain  does  not  break  the 
conjugation. 

The  relatively  energetic  parameters  of  the  reactions  studied  in  the  present  work  can  show  that  it  proceeds  at 
low  values  of  and  ASf/,  and  somewhat  higher  values  of  these  are  characteristic  of  the  reaction  with  the  partici¬ 
pation  of  picryl  chloride  than  in  the  case  of  p-niiro  benzoyl  chloride.  It  should  also  be  noted  that  for  the  reaction 
of  different  amines  with  the  same  electrophilic  reagent  when  going  from  one  amino  derivative  to  another  there 
occurs,  in  general,  less  cliange  inAS//  than  in  It  is  also  important  to  consider  that  in  the  case  of  the  reactions 
discussed  in  the  present  work  on  amino  derivatives  which  have  very  long  and  complex  molecules  there  is  a  marked 
effect  on  the  temperature  course  of  the  rate  constants  from  the  presence  in  them  of  different  degrees  of  hindrance 
to  internal  rotation  around  the  single  bond  v/hich  joins  one  part  of  the  molecule  to  the  other  (sec  [7]);  this  compli¬ 
cates  treatment  of  the  results  from  the  point  of  view  of  change  in  value  of  and  ASn  under  tlie  influence  of  struc¬ 
tural  factors.  In  view  of  all  this,  and  considering  that  of  the  two  experimentally  available  kinetic  parameters  it 
is  the  rate  constant  of  the  reaction  and  not  the  energy  of  activation  (according  to  Arrhenius)  that  is  the  better  value 
for  judging  the  effect  of  consecutive  structural  changes  in  the  molecule  on  the  reactivity  of  the  same  functional 
group  [21-23]  (here  v/e  speak  first  of  the  transfer  of  the  electron  effect  of  the  substituent  on  the  functional  group); 
in  view  of  all  this,  we  here, as  in  tlie  previous  papers  in  this  series, continue  to  cxj)rcss  the  preference  for  measure¬ 
ment  of  the  rate  constant,  guided  by  the  above  point  of  view. 
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SUMMARY 

1.  V/c  have  studied  the  kinetics  of  the  reaction  of  4-anunodiphenyl.nnine,  trans-4-aminoazobcnzene,  and 
their  'I'-iiitfo  derivatives  with  p-nitrobenzoyl  chloride  and  picryl  chloride  in  benzene  solution. 

2.  CoJiiparing  tlic  results  of  our  work  with  the  kinetic  characteristics  of  the  crrlier  studied  analogous  reac¬ 
tions  shows  tli.-.t  the  4'-N(>2  group  in  the  dipiicnylamine  inolccular  system,  in  which  the  benzene  tings  arc  joined 
to  cacii  other  by  a  hetcroatoin  bridge,  affects  the  reactivity  of  the  4-Nfi2  group  considerably  more  strongly  than 
in  the  biphenyl  system,  where  the  benzene  rings  arc  joined  directly  to  each  other,  which  indicates  the  great  In¬ 
tensity  in  transfer  of  the  electron  effects  of  the  substituent  (from  one  benzene  ring  to  The  ether)  in  the  first  of  the 
above-incniioncd  systems.  In  the  transfer  of  these  effects  in  the  diphenylarulne  system  a  considerable  role  is  played 
by  the  p,  tt  conjugation  of  the  unshared  j5  electron  of  the  heteroatom  bridge  with  the  n  electrons  of  the  benzene 
ring. 

3.  Ill  tlie  azobenzene  molecular  system  tlic  effect  of  the  d'-NOj  group  on  the  reactivity  of  the  d-NIlj  group 
is  v/cakly  rliowii,  due  to  the  considerable  spatial  distance  of  the  groups  from  each  other  compared  to  the  biphenyl 
system.  Although  the  bridging  molecular  grouping  -N=N-  in  the  azobenzene  system  contains  easily  mobile  jr  elec¬ 
trons,  it  is  a  much  poorer  conductor  of  electron  effects  than  the  analogous  bridging  link  -NH-  In  the  diphcnylamine 
system,  wheie  tliere  is  a  clearly  shown  effect  of  p,  tt  conjugation. 
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STUDIES  IN  THE  NAPHTHALENE  SERIES 
X IX.  1 ,3,7  -TRIHYDROXY  NA  PI  ITl  lA  LENE* 

V.  V.  Kozlov,  D.  I.  Brozovskii, 
and  V.  M.  Gavrilova 

Translated  from  Zhurnal  Obslichei  Khimii,  Vol.  30,  No.  8, 

pp.  2714-2718,  August,  1960 

Original  article  submitted  September  10,  1959 


In  order  to  widen  our  ideas  on  the  possibility  of  successfully  carrying  out  alkaline  fusion  of  meta -substituted 
disulfonic  and  hydroxysulfonic  derivatives  of  naphthalene  to  give  dihydroxy  derivatives  [1,  2]  we  have  studied  the 
relation  to  alkaline  fusion  of  naphthalene  2-hydroxy-6,8-disulfonic  acid  (G  acid). 

Some  indications  confirm  the  possibility  of  transformation  of  polysubstiiuted  naphthalenes  without  splitting 
the  naphthalene  ring.  Thus,  it  is  possible  in  alkaline  fusion  of  l-hydroxynap!ithalene-3,G,8-trisulfonic  acid  to 
transform  it  into  1  ,R-dihydroxynaphthalcne-3,6-disulfonic  acid  [3],  and  then  to  l,3,8-triliydroxynaphthalenc-6- 
siilfonic  acid  [4];  transformation  occurs  of  2-hydroxyn3phthalenc-6,8-disulfonic  acid  into  2,8-dihydroxynaphthalenc- 
6-sulfonic  acid  [5].  There  is  also  evidence  that  alkaline  fusion  of  G  acid  itself  [6]  and  of  2,8-dihydroxynaphtha- 
lene-G-sulfonic  acid  [7]  leads  to  formation  of  hydroxjtoluic  acid. 

We  were  interested  in  the  possibility  of  carrying  out  the  final  conversion  of  2-hydroxynaphthalene-6,8-di- 
sulfonic  acid  in  accordance  with  the  scheme 

S0;tii  on  OH 

/\/\oii  /\^'^.oii  /\/\oii 

(I)  (11) 

Of  the  possible  isomers  of  triliydroxynaphthalenc  which  have  two  hydroxy  groups  in  tlie  meta  position,  only 
1 ,3,6-trihydroxynaphthalene  has  been  described  in  detail;  it  is  obtained  by  alkaline  fusion  of  1,6-dihydroxynaph- 
ihalene -3 -sulfonic  acid  [8]. 

The  technical  K  salt  of  2-hydroxynaphthalene-G,8-disulfonic  acid  (83.87j)  or  its  recrystallized  form  (9-l7«) 
was  added  to  fused  potassium  hydroxide  in  an  open  copper  vessel  heated  by  a  metal  bath  with  the  flame  of  a  burner 
and  stirred  by  hand  in  a  copper  casing  w'ith  a  thermometer  or  in  a  copper  vessel  with  an  electric  heater  and  a 
mechanical  stirrer.  The  fusion  was  dissolved  in  v;ater,  neutralized  to  a  strongly  acid  reaction,  filtered  from  tars, 
and  in  the  solution  v.'as  determined  the  content  of  reaction  products  and  also  the  remaining  unchanged  G  salt. 

The  yields  of  products  of  the  fusion  depending  on  temperature  and  tinie  are  given  in  Tables  1  and  2.  These  tables 
show'  that  tlie  optimum  conditions  for  converting  2-hydroxynaphthalene-G,8-disulfonic  acid  are:  to  2,8-dihydroxy- 
naphthalene-6-sulfonic  acid  (I)  200-205°,  and  to  l,3,7-trihydroxyn3phthalcne  (II),  260-2G5*  in  the  course  of  one 
hour.  Lov/ering  the  temperature  of  the  melt  to  180*  raises  the  amount  of  unchanged  2-hydroxynaphthalenc-C,8- 
disulfonic  acid,  and  raising  tlie  temperature  to  270*  lowers  the  yield  of  trihyclroxynaplithalenc  due  to  formation 

•  Communication X VIII. see  Zhur.  Obshchei  Khim.  28,  3333  (1958). 
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TABLE  1 


TABLE  2 


Alkaline  fusion  of  G  Salt.  Effect  of  Tein-  Alkaline  Fusion  of  G  Salt.  Effect  of  Time 

peratiue  (5.0  g  of  83.8'/J  K  salt  of  2-hy-  (5.0  g  of  K  salt  of  2-hydroxynaphtha- 

droxynapIuhalene-6,8-disulfonic  acid;  lene-6,8-disulfonic  acid;  10  g  KOH;  3  ml 

10  g  KOH;  3.0  ml  Il^O;  1  hour)  H^O) 


of  products  from  opening  the  naphthalene  ring.  Increasing  the  time  of  reaction  above  one  hour  has  the  same  effect. 
Melts  with  various  amounts  of  potassium  hydroxide  and  with  sodium  hydroxide  (Table  3)  show  that  formation  of 
hydroxy  derivatives  of  naphthalene  occurs  best  by  melting  with  potassium  hydroxide  in  a  ratio  of  it  to  the  starting 
G  salt  of  2. 4-2. 5:1.  A  favorable  course  of  tlie  fusion  process  follows  from  purity  of  the  starting  G  salt  v.'luch  is 
best  used  dry,  and  still  better,  in  the  form  of  a  naphtholate  salt  first  prepared  and  dried.  All  these  conditions  lower 
the  possibility  of  oxidative-hydrolytic  transformations  as  a  result  of  which  1,  3,7-triliydroxynaphthalene  can  be 
split  at  carbon  to  carbon  bonds. 

Autoclaving  a  melt  of  G  salt  with  a  43*70  solution  of  potassium  hydroxide  at  200*  for  one  hour  limits  the 
reaction  only  to  the  formation  of  2,8-di]tydroxynaphthalene-6-sulfonic  acid  (up  to  10°io)  with  traces  of  the  trihydrox) 
compound.  The  amount  of  unfused  salt  corresponds  to  about  lO^o.  Addition  of  hydrosulfite  to  the  open  melt  leads 
to  a  decreased  yield  with  half  as  much  trUtydroxynaphthalene,  but  the  product  contains  almost  no  tar  and  is  easily 
purified  by  crystallization.  For  separation  of  triliydroxynaphthalene,  the  acid  solution  obtained  by  neutralizing  the 
alkaline  fusion  was  extracted  with  ether.  The  substance  was  crystallized  from  water  in  light  sandy-colored  plates 
with  m.p.  152".  It  v/as  very  hygroscopic  and  even  though  dried  over  PjOs  it  retained  one  or  two  molecules  of  water. 
Its  water  solution  gave  a  red-violet  color,  which  disappeared  on  standing,  with  a  drop  of  ferric  chloride,  and  with 
a  drop  of  bleaching  powder  solution  it  gave  a  light-red  color.  The  substance  dissolved  very  easily  in  ether,  solu¬ 
tions  of  soda  and  bisulfite,  in  methyl  and  ethyl  alcohols,  and  acetone,  was  difficultly  soluble  in  benzene,  and  did 
not  dissolve  in  chloroform  and  ligroin.  On  long  standing  in  air  the  solution  of  trihydroxynaphthalcne  gradually 
darkened  and  a  product  separated  which  was  difficultly  soluble  in  water,  did  not  melt,  and  was  gradually  converted 
into  a  tar. 

1,3 ,7 -Trihydroxynaphthalcne  forms  by  coupling  with  diazonium  compounds  in  soda  solution  only  a  nTonoazo 
dye,  does  not  form  a  nitroso  compound,  is  difficult  to  convert  to  1,3,7-trichloronaphthalene,  very  difficult  to  acety- 
late  with  acetic  anhydride,  forming  a  triacetoxynaphthalene  only  with  acetyl  chloride.  In  the  reaction  of  a  water 
solution  of  triliydroxynaphthalene  with  acetic  or  hydrochloric  acid  there  is  formed  a  dark-brown  precipitate  insolu¬ 
ble  in  water  and  nonmelting  (dimer).  All  these  properties  of  trihydroxynaphthalcne  permit  us  to  suggest  the  possi¬ 
bility  of  its  existence  in  a  keto  form 


OH  OH 
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The  properties  of  this  trihydroxyiiaphthalene  are  very 
similar  to  those  of  l,3,G-trihydroxyiiaphthalciic  [8]  whose 
structure  shows  two  tautomeric  forms.  Our  1,3,7-ttiliydroxy- 
naphthalciie  is  an  interesting  oxidizing  pigment  for  fur. 

EX  PERIMENTAL 

Fusion  of  the  K  salt  of  2-hydroxynaphthaletic-6,8- 

disulfoiiic  acid  (G  s_2lt)jyUh jiUralis^ _ In  a  200  ml  copper 

vessel  we  melted  12. G  g  of  potassium  hydroxide  (80.3'yo) 
with  3  ml  of  water  at  a  given  temj>oraturc.  With  energetic 
hand  stirring  with  a  copper  casing  containing  a  thermo¬ 
meter  we  gradually  added  5  g  of  dry  (83.8‘yi')  G  salt.  The 
melt  was  kept  for  a  determined  period,  then  transferred 
to  a  porcelain  beaker  or  dish  where  it  was  dissolved  in  150  ml 
of  water  and  neutralized  with  concentrated  sulfuric  acid 
to  a  strongly  acid  reaction  to  Congo. 

Wheir  the  sulfonate  was  added  to  the  fused  a’ kali 
in  small  portions  foaming  did  not  occur.  At  first  the  melt 
was  thick  hut  mobile,  dark-yellow  in  color;  it  gradually 
thickened  and  at  the  end  was  dry  and  orange  brown.  After  neutralization  of  the  solution  it  was  kept  for  12  hours, 
separated  from  the  tar,  and  boiled  with  a  small  amount  of  animal  charcoal  to  complete  removal  of  sulfur  dioxide. 

The  resulting  solution  w'as  placed  in  a  calibrated  flask  for  analysis.  The  analysis  of  the  contents  of  the  solution 
was  carried  out  by  titration  with  a  solution  of  diazo-m-nitroaniline  successively  in  soda  and  acetic  acid  solutions. 

The  stalling  G  salt  (2-hydroxynaphthalcnc-G,8-disulfonic  acid),  the  intermediate  product  of  the  fusion,  2,8- 
dihydioxynaphthalcnc-C-sulfonic  acid,  and  the  final  product  of  the  fusion,  1 ,3, 7-trihydioxynaphthalcnc  coupled 
well  witli  diazo-m-nitroaniline  in  soda  solution.  Desides  this,  as  we  showed,  2-hydroxynaphthalene-G,8-disulfonic 
acid  (G  salt),  in  distinction  from  2,8-dihydroxynaphthalcne-C-sulfonic  acid,  docs  not  couple  with  the  same  diazo 
compound  in  acetic  acid.  In  all  cases  the  monoazo  dye  was  formed. 

A  comliined  sanrple  of  solution  of  the  melt  in  soda  solution  determined  the  sum  of  the  naphthalene  sulfonic 
acids  (2-hydroxynaphthalene-G,8-disulfonic  acid  and  2,8-dihydroxynaphthalene-G-sulfonic  acid)  and  trihydroxynaph- 
thalene.  Such  a  combined  sample,  but  after  extraction  of  the  trihydroxynaphthalene  by  ether  in  a  soda  solution, 
gave  the  sum  of  tlie  above-mentioned  napljthalcnc  sulfonic  acids.  The  difference  in  results  of  the  titration  of  the 
first  and  second  samples  gave  the  amount  of  triliydroxynaplithalcnc. 

A  parallel  second  sample  of  the  solution  (without  trihydroxynaphthalene)  in  acetic  acid  determined  the 
amount  of  2,8-dihydroxyuaphthalciic-6-sulfonic  acid.  The  difference  in  results  in  soda  and  acetic  acid  solutions 
allowed  us  to  determine  the  amount  of  2-hydroxynaphlhalenc-G,8-disulfonic  acid  (G  salt)  unchanged  in  the  fusion. 

In  the  solution  from  the  fusion  of  the  G  salt  we  established  qualitatively  the  presence  of  salts  of  acetic,  o-toluic, 
and  hydroxytoluic  acids. 

Analysis  of  1 ,3,7-irihydroxynaphthalene  and  its  derivatives.  The  crude  product  isolated  from  the  ether  ex¬ 
tract  had  a  dark-brown  color  and  a  ni.p.  98-100“.  After  rccrystallization  from  water  and  drying  over  P2O5,  in.p.  152“. 

Found  7.’;  H2O  10.58.  CioHaOj-HaO.  Calculated  7’;  HaO  9.3. 

Found  7<-:  11^0  17. G.  CioHgOa •  21I2O.  Calculated  7-:  II2O  16.98. 

Found  7<:  C  67.71,  G7.71;  11  4.51,  4.70.  CioHgOj.  Calculated  %  C  08.1;  11  4.51. 

Preparation  of  the  acetyl  derivative.  We  heated  0.3  g  of  1 ,3,7-triliydroxynaphthalene,  2.5  g  of  acetyl  chloride, 
and  3  drops  of  pyridine  for  G  hours  at  35-37*  in  a  round-bottomed  flask  v/ith  a  reflux  condenser.  When  the  reaction 
mass  v/as  poured  over  ice  it  gave  an  oily  product  with  a  dark-brown  color  whicli  after  v.’ashing  v/ith  v?atcr  was  dried 
in  a  desiccator  over  P2O5  to  a  solid  mass.  The  yield  of  triacetoxy naphthalene  was  20yo.  The  substance  was  easily 
soluble  in  acetic  acid  and  alcohol.  It  crystallized  from  dilute  acetic  acid  in  fine,  light-gray  crystals  v/ith  m.p. 

205*. 


Alkaline  Fusion  of  G  Salt.  Effect  of  Nature  of 
the  Alkali  (5.0  g  of  83.870  K  salt  of  2-hydroxy- 
naphthalene-6,8-disulfonic  acid;  0.18  g-mole 
KOII  or  NaOll,  3  ml  of  HgO;  1  hour) 
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Saponification  of  the  substance  for  four  hours  by  heating  to  boiling  with  a  solution  of  0.5  N  alcoliolic  KOI! 
and  later  potentiometric  titration  by  0.1  N  MCI  to  pll  8.2  led  to  formation  of  the  naphtholate. 
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round:  acetyl  number  128-1.  CiqI14(OCC)CH3)3.  Calculated:  acetyl  number  1114.5. 

Piepatati/.'U  of  1.3,7-trichlorcnaj-.lUiialenc  from  trihydroxynapliihalene.  Wc  moUtened  0.3  g  of  irdiydroxy- 
napiiiliafene  vatli  2  drops  of  pfiosi^orus  oxychloride,  mixed  it  with  1.2  g  of  PClj  and  heated  under  reflux  in  a  round- 
boLUmed  flask  on  an  oil  bath  for  sLx  hours  at  180*.  The  resulting  chloronaphthalene  melted  at  113*  and  showed  no 
depressicn  in  a  mixed  sample  with  pure  1,3,7-trichloronaphthalene. 

Tormption  of  an  azo  ^’c  from  trihydroxynr.pluhalen^.  In  coupling  1,3,7-tiihydroxynaplithalene  with  diazo* 
m-nitroanilinc  in  a  soda  solution  we  formed  a  mono  azo  dye  with  a  red  color  which  crystallized  from  water. 

Found  9.5  .  Tin  number  110.9.  CioIIn05N3‘21l20.  Calculated  To:  HjO  10.0,  tin  number  110.8. 

Ouantitativc  titration  of  0.3020  g  of  trihydroxynapJuhalene  in  soda  solution  (31  ml  of  0.05  N  diazo-m-ni- 
troanilinc  solution)  also  showed  the  formation  of  a  monoazo  dye  and  a  content  in  the  substance  of  99.57'^ 

(CioHs03-2H.O). 

Characteristics  of  lire  K  salt  of  2,8-diliydroxyn3phthalene-G-julfonic  acid.  It  was  crystallized  from  a  15T« 
solution  of  sodium  chloride  in  long,  light  prisms.  Easily  soluble  in  water,  methyl,  and  ethyl  alcohols.  The  svater 
soh!»iiin  of  the  salt  gives  a quicldydisappearinggreen-yellow colorwith  a  solution  of  ferric  chloride,  and  with  a 
sohu.ion  of  bleaching  powdcr.a  red  color  which  is  characteristic  for  this  substance  [5]. 

Found  H2O  11.6.  C10H7O5SK  •  2H2O.  Calculated  Tr  H2O  11.4.  Found  K  13.42- CioIItOsSK.  CalculatedTo: 
K  14.02. 

In  coupling  the  substance  in  acetic  acid  with  diazo-m-nitroaniline  there  is  formed  a  brlght-rcd  dye,  diffi¬ 
cultly  soluble  in  cold  water. 

Found:  tin  number  89,1.  CioIligOyNsSK,  Calculated:  tin  number  93.8. 

SUMMARY 

1.  We  have  synthesized  1,3,7-trihydroxynaphthalene  by  alkaline  fusion  of  2-hydroxynaphthalene-6,3-disul- 
foiilc  acid  (G  salt). 

2.  The  properties  of  the  substance,  its  color,  easy  solubility  In  bisulfite  solution,  formation  by  coupling 
with  diazonium  compounds  of  only  a  monoazo  dye,  difficulty  of  acetylation,  ability  to  retain  water  and  to  darken 
from  acetic  and  hydrochloric  acids,  inability  to  form  a  nitroso  compound,  all  perriilt  us  to  assume  for  this  new  trl- 
hydroxynaphthalcnc  the  structure  of  a  hydroxyketone, 

3.  The  substance  is  recommended  as  an  oxidizing  dye  for  fur, 
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1 

Previously  we  and  V.  I.  Shvedov  p.]  showed  that  6 -atoms  of  hydrogen  in  2,5-dialkylated  thiophenes  are  j 

more  easily  replaced  by  acyl  residues  than  a-atoms  of  hydrogen  in  unsubstituted  thiophenes,  which  are  known  ' 

to  be  distinguished  by  their  great  mobility.  The  reason  for  such  a  change  in  reactivity  lies  in  the  induction  effect 
of  the  alkyl  group  or  is  connected  with  a  hyperconjugation  effect.  However,  what  would  be  the  mechanism  of  ; 

action  in  an  aromatic  (thiophcn(^)  ring  substituent  of  a  similar  type  depends  in  the  last  analysis  on  the  increase  in 
electron  density  of  the  ring*,  which  is  shown  by  increasing  reactivity  with  respect  to  electrophilic  agents.  This  is 
evidently  the  reason  why  2,5-diincthyl  thiophene  (I)  easily  forms  a  3,4-dinitro  derivative  [3]  and  3,4-disulfonic  i 

acid  [4]  (in  the  form  of  an  inner  anliydride).  In  view  of  these  results  it  seems  there  is  full  likelihood  of  formation  | 

of  a  3,4-diacylatcd  homolog  of  thiophene  by  direct  acylation,  which  would  be  of  interest  to  us  in  connection  with  i 

our  work  on  the  synthesis  of  bifunctional  derivatives  of  the  thiophene  series  [5].  We  have  found  in  this  connection  j 

that  even  in  1886  Schweinitz  [6]  obtained  by  acetylation  of  octyl  thiophene  in  the  presence  of  aluminum  chloride  j 

both  inonoacctyl  and  diacetyl  derivatives  of  octylthiophcnc.  Recently  Hartough  and  Kosak  [7]  described  2,5-di-  | 

acetylthiophcne, which  they  synthesized,  with  a  yield  of  only  G’Jo,  by  the  action  of  acetic  anhydride  on  2-aceto-  | 

thicnone  in  the  presence  of  zinc  chloride,  and  then  2,5-dipropanoylthiophcnc  [8]  and  2,5-didecanoylthiophcne  [9j, 
formed  with  a  yield  of  2370  along  with  2-dccanoylthiophenc  by  heating  thiophene  with  the  corresponding  acid 
in  the  presence  of  phosphorus  pentoxide.  A  different  relation  is  found  in  the  benzene  series:  benzene,  toluene, 
o-xylene  and  p-xylene.  as  Meyer  and  Pavia  [10]  found,  under  the  conditions  of  the  Fricdel -Crafts  reaction  do 
not  give  diacetyl  derivatives.  On  the  otlier  hand,  mcsitylene,  durene,  and  isodutene,  which  include  the  structural 
grouping  held  by  Meyer  to  be  required  for  diacetylation,  a  meta-orienting  methyl  group,  easily  form  the  corres¬ 
ponding  diketone  in  the  presence  of  excess  aluminum  chloride  [11].  The  findings  of  the  authors  [10]  relative  to  j 

pscudocumcne  and  m -xylene  agree  with  this  viewpoint,  but  it  was  shown  much  more  recently  [12]  that  direct  I 

acylation  can  give  good  yields  of  2, 4-diacetyl -m-xylene  and  small  yields  of  3,5-diacetylpseudocumene.  By 
comparing  these  results  w'e  can  again  confirm  the  conclusion  that  the  idea  of  the  analogy  between  benzene  and  { 

thiophene  which  for  a  long  time  has  served  as  the  directing  principle  in  the  study  of  thiophene  chemistry  has  only  1 

a  very  limited  value  [13],  This  is  also  confirmed  by  the  results  of  our  study  of  the  acylation  of  2,5-dimethylthio- 
phcnc  (I).  The  monoacyl  derivative  of  this  compound,  2,5-dimct)iyl-3-acetothicnone  (II),  as  we  had  assumed,  j 

under  the  action  of  acetyl  chloride  in  the  presence  of  aluininuni  chloride  in  dichlcroethane  (Process  A)  forms  a  j 

compound  with  the  coniposition  CjoHj2C^S,  whose  structure  as  2,5-dimcthyl-3,4-diacetylthiophcne  (III)  is  un-  i 

doubted  (sec  below).  j 

The  yield  of  (III)  can  be  raised  several  fold,  to  8Vlo,  by  canying  out  the  acetylation  in  the  presence  of  a  j 

great  excess  of  aluminum  chloride  and  without  a  solvent  (Process  B)  corresponding  to  the  description  for  getting  i 

•  Recently  the  question  of  the  nature  of  the  action  of  alkyl  substituents  in  an  aromatic  ring  has  again  been  discussed, 
and  in  particular  Pearson  [2]  considers  that  the  question  of  the  nature  of  action  of  substituents  in  an  aromatic  ting 
has  produced  inconsequential  results. 


j 
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diacetyl -m-xylene  [14].  The  reason  for  such  a  marked  rise  in  yield  under  tliese  conditions  is  not  entirely  clear, 
since  the  formation  of  a  complex  of  the  starting  monoketone  with  aluminum  chloride,  like  that  assumed  by  Pear¬ 
son  and  Pope  [15]  for  acetophenone,  would  required  lowering  of  the  electron  density  of  the  ring  and  should  result 
in  lowering  of  the  reaction  rate  witli  electrophilic  reagents.  On  the  other  hand,  the  absence  of  a  solvent,  which 
often  forms  an  addition  product  with  the  catalyst  and  therefore  inhibits  the  activity  of  the  latter  in  the  Fricdel- 
Crafts  reaction,  [15],  should  actually  have  a  positive  effect  on  the  process  [16],  It  is  a  very  interesting  fact  that 
under  comparable  conditions  2,5-dimothyI-3-pivalylthiophene  is  acetylated  with  the  same  yield  though  it  con¬ 
tains  a  stcrically  large  residue  of  irimethyl  acetic  acid:  it  is  possible  that  in  this  case  the  fact  is  important  that 
the  angle  formed  by  the  substituent  in  position  3  [17]  with  the  ring  greatly  surpasses  that  in  benzene.  Since  in 
acetylation  of2,5-dimctliyl-3-pivalylthiophene  there  is  no  possibility  of  the  attack  of  the  acyl  residue  on  acetyla¬ 
tion,  as  is  sometimes  found  when  BFj  is  used  as  the  catalyst  [18],  the  structure  of  the  resulting  diketone  as  2,5-di- 
methyl-3-acetyl-4-pivalyliliiophenc  (IV)  is  certain.  For  analogous  reasons  we  can  consider  established  the  structure 
of  the  product  of  acetylation  (VI)  of  the  ethyl  ester  of  2,5-dimethyl-3-thiophene  carboxylic  acid  (V),  which  is 
formed  in  a  yield  of  about  bblo  when  acetyl  chloride  acts  on  the  latter  under  the  conditions  of  process  B.  Attempts 
at  bcnzoylation  of  2,5-diJTiethyl-3-acetothienone  (II)  under  the  same  conditions  lead  only  to  a  slight  yield  of  di¬ 
ketone  (XV).  It  is  possible  that  under  these  conditions  the  process  goes  preferentially  to  dislodging  the  acetyl  group 
by  the  benzoyl;  these  experiments  require  further  study.  We  note  here  that  in  attempts  to  obtain  the  diketone 
(IV)  by  the  action  of  acetyl  iodide  on  2,5-dimethyl -3-pivalylthiophene  in  the  absence  of  aluminum  chloride 
there  is  formation  of  trimethyl  acetic  acid. 

The  structures  of  the  products  of  acetylation  of  the  monoketone  (II)  and  the  diketone  (III)  were  established 
as  follows.  By  oxidation  of  the  diketonc  (III)  with  sodium  hypochlorite  we  obtained  a  ketoacid  whose  structure 
as  2,5-dimcthyl-4-acctyl-3-thiophenecarboxylic  acid  (VII)  follows  from  the  fact  that  in  its  properties  it  agrees 
with  the  acid  obtained  from  saponification  of  ester  (VI).  In  turn,  the  structure  of  acid  (VII)  is  confirmed  by  the 
formation  from  it  in  its  decarboxylation  of  2,5-diniethyl-3-acetothicnone  (II).  Finally,  it  remains  to  mention 
that  tlie  formation  in  the  oxidation  of  (III)  of  the  dicarboxylic  acid  (VIII)  and  from  the  latter  the  dicster  (IX)  also 
agrees  with  the  assumed  structure  of  (III)  which  is  formed  by  the  action  of  acetyl  cliloride  on  2,5-dimcthyl-3- 
acetothienone  ( II). 

These  results  again  confirm  the  opinion  of  Steinkopf  [19]  that  the  3,4 -positions  of  thiopliene  cannot  be 
compared  with  tlic  ortho  or  para  positions  of  benzene.  The  orienting  effect  of  substituents  in  the  3  and  4  positions 
of  thiophene  rings  is  not  the  same  as  that  which  has  been  worked  out  in  developing  the  chemistry  of  benzene. 

Process  B,  which  permits  a  considerable  increase  in  yield  of  3,4 -diacyl  derivatives,  is  also  useful  in  the  syn- 
tlicsis  of  2,4 -diacyl  compounds  of  the  thiophene  series.  Thus  the  2,4-dikctones  can  be  obtained  in  yields  on  the 
order  of  GO'/o,  while  in  work  with  solvents  the  yields  are  very  small.  By  hypochlorite  oxidation  of  the  2-mcthyl- 
3,5-diacctyllhiophcne  (X)  which  we  obtained  we  formed  the  corresponding  dicarboxylic  acid  and  by  the  action  of 
diazomethane  we  obtained  the  dicster  (XII). 

hi  the  light  of  these  results  it  is  interesting  that  attempts  to  obtain  a  diketone  from  unsubstituted  thiophene 
by  process  B  were  not  successful;  we  recovered  about  807o  of  the  starting  2-acetothienone.  Thus  we  must  have 
the  simultaneous  presence  of  alkyl  groups  and  acetyl  radicals  in  order  to  introduce  a  second  acyl  residue  into  the 
thiophene  ring.  This  is  still  more  noteworthy  since  in  the  case  of  an  unsubstituted  2-acetothicnone,  position  4, 
which  corresponds  to  the  meta  position  of  the  benzene  ring,  while  at  first  glance  less  favorably  situated,  by  the 
action  of  acylating 'agents  on  2,5-dinicthyl-3-acetothienonc,  is  actually  acetylated  in  good  yield.  We  note  in 
this  connection  that  according  tc  Imoto  and  co-workers  [20]  the  2,5-positions  of  thiophene  are  like  the  para  posi¬ 
tions  of  benzene. 

EX  PERIMENTA  L 

2,5-Dimcthyl-3.4-diacetylthiophene  (III).  A)  To  a  solution  of  7'.7  g  of  2,5-dimethyl-3-acctothienone  in 
40  ml  of  dichloroethane  W'as  added  4.7  g  of  acetyl  chloride.  Then,  with  strong  stirring,  over  30  minutes  in  small 
portions  13.3  g  of  aluminum  chloride  was  added.  The  mixture  was  heated  for  3.5  hours  at  90’,  then  cooled  to  10* 
and  decomposed  with  dilute  hydrochloric  acid  (5  ml  of  concentrated  acid  and  45  rnl  of  v.’atcr).  The  v/ater  layer 
was  separated  from  the  dichlotoethane  and  extracted  with  70  ml  of  dichloroethane.  The  dichloroethanc  layer  was 
washed  with  water,  Ifo  sodium  hydroxide  solution,  and  was  combined  with  the  dichloroethanc  extract  and  dried 
with  calcium  chloride.  The  solvent  was  distilled  off  and  the  residue  distilled  in  a  vacuum.  We  collected  the 
fractions: 
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1st.  B.p.  110-119/  (13  mm),  4.5  g.nD^”  1.5459,  starting  2,5-dirncthyl-3-acctothienonc;  literature  gives 
b.p.  62*  (0.25  mrn),  nD^®  1.5452;  2nd,  B.p.  195-196*  (13  mm),  crystallizing  in  the  refrigerator.  After  recrystal¬ 
lization  from  water  we  obtained  white  glittering  cry.-tals  with  rn.p.  88-39*,  easily  soluble  in  ether,  ethyl  acetate, 
and  alcohol.  Yield  13.27o  based  on  taken  and  32.270  based  on  reacting  2,5-dimcthyl-3-acetothienone. 

l-ound  'k  C  61.39,  61.40;  II  6.25,  6.17;  S  16.31,  16.33.  CioHijOjS.  Calculated  7o:  C  61.19;  N  6.16;  S  16.33,| 

B)  To  13.9  g  of  anhydrous  aluminum  chloride  with  stirring  durmg  15  minutes  we  added  dropwise  6.5  g  of 

2,5-dimethyl-3-thienone.  To  the  warm  liquid  complex  during  20  minutes  we  added  dropwise  4.8  g  of  acetyl 
chloride  and  stirred  the  mixture  at  room  temperature  for  3  hours.  The  solidified  reaction  mass  was  transferred 
in  pieces  to  a  flask  v/ith  ice  and  20  ml  of  concentrated  hydrochloric  acid.  The  resulting  yellow  precipitate  was 
filtered  and  waslicd  with  water.  We  obtained  7.15  gfST.S'/o),  m.p.  88-89*  (from  water). 

round  7o;  C  61.00,  60.78;  11  6.12,  6.11;  S  16.23,  16.11.  CioHijOzS.  Calculated  7°:  C  61.19;  H  6.16;  S  16.33.| 

Dioxime,  m.p.  164,5-165*  (from  aqueous  alcohol). 

Pound  "k  N  12.73,  12.51.  CioHrANaS.  Calculated  Tz  N  12.38. 

2,5-L)imethyl-3-pivalylthiophene  (XIV).  To  a  solution  of  22.4  g  of  2,5-dimcthylthiophene  in  120  ml  of 
chlorobenzene  was  added  28  g  of  pivalic  acid  chloride.  After  stirring  for  40  minutes  at  minus  3-5*  we  added 
dropwise  30.3  g  of  tin  chloride  in  30  ml  of  chlorobenzene.  The  mixture  was  stirred  at  room  temperature  for  three 
hours,  then  treated  as  in  the  preparation  of  2,5-dimcthyl-3,4-diacetyUhiophene  (Process  A).  After  distillation  of 
the  solvent  the  residue  was  distilled  ui  a  vacuum.  We  collected  the  fractions: 


1st,  b.p.  96-97*  (5  mm),  2.0  g,  nD*®  1.5210;  2nd,  b.p.  97-99*  (5  mm),  15.3  g,  nD*"  1.5191.  Residue,  tar, 

2.3  g. 

Pound  7o:  C  67.33,  67.40;  H  8.27,  8.11;  S  16.10,  16.24.  CnHigOS.  Calculated  %  C  67.30;  H  8.21;  S  16.37. 

2.5- Dimethyl -3-acctyl-4-pivalylthiophcne  (IV).  This  was  synthesized  under  conditions  analogous  to  those 
for  preparing  2,5-dimcthyT-3,4-di3cetylthiophenc  (Process  A)  from  7  g  of  2,5-dimcthyl-3-pivalyUhiophene  and 

3.4  g  of  acetyl  rliloridc  in  28.5  ml  of  dichlorocthane  with  the  aid  of  9.6  g  of  aluminum  chloride.  After  vacuum 
distillation  wc  collected  the  fractions:  1st,  b.p.  76-100’  (5  mm),  3.5  g,  nD^®  1.5231;  2nd,  b.p.  100-152*  (5  rnm), 
1.13  g,  which  crystallized  in  the  refrigerator.  After  recrystallization  from  water  wc  obtained  white  needle-like 
crystals  witli  m.p.  66-67*. 

Found  7o:  C  65.79,  65.40;  M  7.58,  7.47;  S  13.02,  13.19.  CjjHigOjS.  Calculated  fo:  C  65.51;  H  7.60;  S  13.45. 

2. 5- Dimothyl -3-acetyl -1-benzoylthiophcnc  (XV).  This  was  synthesized  using  the  somewhat  changed  condi¬ 
tions  for  getting  2,5-dimctliyl-3,4-diacetyithioplienc  (Process  B)  from  6.16  g  of  2,5-diinethyl-3-acetothicnone, 
8.15  g  of  benzoyl  chloride,  and  13.3  g  of  aluminum  chloride.  After  addition  of  the  benzoyl  chloride  the  inLxture 
was  heated  for  10  minutes  at  60*, stirred  at  room  temperature  for  one  hour,  and  allowed  to  stand  for  36  hours  at 
room  temperature.  The  hardened  reaction  mass  was  transferred  in  pieces  to  a  flask  with  ice  and  20  ml  of  concen¬ 
trated  hydrochloric  acid.  The  yellow  oil  which  precipitated  was  extracted  with  ether.  The  extract  was  washed 
with  a  saturated  solution  of  sodium  bicarbonate  and  with  water,  and  was  dried  over  calcium  chloride.  After  distil¬ 
lation  of  the  solvent,  the  residue  was  vacuum  distilled.  We  obtained  the  following  fractions:  1st,  b.p.  62-82*  (4  mi 
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3.9  g,  nD^®  1.5^495;  2nd,  b.p.  82-102*  (4  mm),  2.4  g,  nD'‘'’  l.S-ni;  3rd,  b.p.  102-188*  (4  mm),  0.14  g,  nD‘“  1.5491. 
These  fractions  were  not  studied  but  evidently  they  are  chiefly  the  starting  2,5-dimethyl -3-bcnzoylthiophcne.  At 
the  end  of  the  distillation  a  little  substance  crystallized  in  the  refrigerator;  after  recrystallization  from  water  wc 
obtained  0.03  g  of  white  crystals  with  m.p.  90-91*,  evidently  2,5-dimethyl -3-acetyl -4-benzoyllhiophene. 

Found  7>:  C  69.35,  68.53;  H  5.57,  5.37;  S  12.01,  11.86.  C15H1AS,  Calculated  C  69.73;  H  5.46;  S  12.41. 

£thyl  2,5-dimcthyl-3-thiophenecarhoxylatc  (V).  A  solution  of  20.4  g  of  2, 5-dimethyl -3-thiophenecatboxyllc 
acid  in  84  ml  of  anliydrous  alcohol  saturated  with  hydrochloric  acid  was  heated  for  three  hours  on  a  water  bath  and 
then  washed  with  water.  The  lower  layer  was  separated,  the  upper  was  extracted  with  ether.  The  combined  lower 
layer  and  ether  extract  were  washed  with  a  saturated  solution  of  sodium  bicarbonate,  with  water,  and  were  dried 
with  magnesium  sulfate.  After  distillation  of  the  ether,  the  residue  was  vacuum  distilled;  wc  obtained  20.6  g 
(867o)  with  b.p.  98-99*  (5  mm),  nD^®  1.5161. 

Found  C  53.77,  58.58;  H  6.75,  6.55;  S  17.02,  17.09.  CAzOzS.  Calculated  ‘k  C  58.66;  H  6.56;  S  17.40. 
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Ethyl  2,5-dinielhyl-4-acetyl-3-thiophcnccarboxylate  (VI).  This  was  synthesized  under  conditions  for  getting 

2.5- diincihyi-3,4-diacctylthiophenc  (Process  B)  with  slight  changes.  To  21.3  g  of  aluminum  chloride  was  added 
dropwise  with  stirring  22.1  g  of  acetyl  chloride.  To  the  warm  liquid  complex  we  added  dropwise  11.9  g  of  ethyl 

2.5- din)ethyl-3-ihiophenecarboxylate.  The  mixture  was  stirred  for  six  hours  at  room  temperature  and  left  over 
night.  The  solidified  reaction  mass  was  treated  as  described  above.  After  vacuum  distillation  we  obtained  the 
following  fractions:  1st.  h.p.  100-122'  (4  mm),  3.02  g,  nif®  1.5173;  2nd.  b.p.  122-130'  (4  mm),  0.60  g,  nD*® 

1.5209;  3rd,  b.p.  130-132*  (4  mm),  7.9  g  (54.67o),nD*°  1.5242.  After  repeated  distillations  the  3rd  fraction  had 
b.p.  130-132*  (4  mm). 

Found  C  58.16,  5S.30;  H  6.12,  6.17;  S  14.31,  14.40.  C,iHi403S.  Calculated  h  C  58.37;  H  6.23;  S  14.16. 

We  saponified  7.2  g  of  ethyl  2,5-dimcthyl-3-acetyl-4-thiocarboxylate  by  heating  it  for  2.5  hours  with 
12.7  g  of  sodium  hydroxide  in  50  ml  of  water.  We  obtained  6.2  g(98.47j)  of  2,5-dimcthyl-4-acctyI-3-thiophene- 
catboxylic  acid  with  m.p.  155-156*  (from  aqueous  alcohol).  A  mixed  sample  with  2,5-dimethyl-4-acctyl-3-thio- 
phenecarboxylic  acid  obtained  by  oxidation  of  (III)  gave  no  depression. 

2. 5- Dimethyl-4 -acetyl -3-thiophenocarboxylic  acid  (VII)  was  synthesized  by  the  method  described  in  the 
literature  for  obtaining  5-acetyl -2-thiophenccarboxylic  acid  [7]  with  sodium  hypochlorite.  From  1.04  g  of  2,5- 
dimethyl -3,4 -diacetylthiophene  we  obtained  0.12  g  of  needle-like  crystals  with  m.p.  155-156*  (from  water). 

Found  ‘7o:  C  54.30,  54.14;  11  5.09,  5.29;  S  15.90,  15.83.  C9H10O3S.  Calculated  C  51.53;  H  5.08;  S  16.17. 

A  mixed  sample  with  acid  obtained  by  saponifying  ethyl  2, 5-dimethyl -4-acetyl -3-thiophenecarboxylatc 
gave  no  melting  point  depression.  Three  g  of  the  resulting  2,5-dimcthyl-4-acctyl-3-carboxyIic  acid  were  heated 
with  20  ml  of  distilled  quinoline  in  the  presence  of  about  5  mg  of  copper  powder  at  210*  in  a  bath.  During  1.5 
hours  there  evolved  320  ml  of  carbon  dioxide  (theoretical  amount  345  ml);  the  mixture  was  poured  into  100  ml 
of  water,  acidified  with  hydrochloric  acid  to  an  acid  reaction  to  Congo,  and  extracted  with  ether;  the  extract  was 
washed  with  water,  with  a  saturated  bicarbonate  solution,  and  was  dried  with  calcium  chloride.  After  distillation 
of  the  solvent,  tlie  residue  was  distilled  in  a  vacuum.  We  obtained  1.25  g  (5l.3‘’/o)  of  2,5-dimethyl-3-acctothicnonc 
with  b.p.  121-126*  (28  mm),  nO”  1.5-479. 

Found  "Jo:  C  62.25,  62.55;  H  6.58,  6.59;  S  19.35,  19.61.  CgHijOS.  Calculated  %  C  62.29;  H  6.53.  S  20.79. 

Scmicarbazonc  m.p.  211-212*  (from  alcohol). 

Found  io:  N  19.-42,  19.61.  C9H13ON3S.  Calculated  N  19.88. 

A  sample  mixed  with  the  semicarbazone  of  2,5-dimethyl-3-acetylthiophene,  obtained  by  acetylation  of 

2.5- dimethylthiophene,  gave  no  melting  point  depression  (m.p.  211-212*). 

2. 5- Dimethyl -3,4-thiophcnedicarboxylic  acid  (VIII).  Oxidation  of  2,5-dimcthyl-3,4-diacctyllhiophcne  was 
carried  cut  under  the  conditions  described  above  with  sodium  hypochlorite.  From  5.15  g  of  2, 5-dimcthyl -3, 4 -di- 
acetyl  thiophene  we  obtained  2.25  g  of  needle-like  crystals  with  m.p.  201-202*  (from  water,  in  a  sealed  capillary). 

Found  C  47.54,  47.49;  M  4.13,  3.98;  S  15.54,  15.51.  CgHgO^S.  Calculated  %;  C  47.99;  H  4.02;  S  16.01. 

Dinicthyl  2,5-diinethyl-3,4-thiophencdicarboxylatc  (IX).  We  dissolved  1.34  g  of  2,5-dimcthyl-3,4-thio- 
plienecarboxylic  acid  in  175  ml  of  absolute  ether  (part  of  the  acid  did  not  dissolve)  and  over  30  minutes  added 
dropwise  81  ml  of  an  ether  solution  of  diazomethane  which  contained  about  1.96  g  of  diazorncthanc;  the  solution 
was  filtered  and  the  ether  distilled  off.  We  obtained  1.45  g(95.4v(>).  M.p.  63^64’  (from  SO^^  alcohol). 

Found  C  52.65,  62.58;  H  5.32,  5.53;  S  13.92,  13.92.  C40M12O4S.  Calculated  ^/o;  C  52.61;  I!  5.30;  S  14.04. 

2-Mcthyl-3.5-diacetyIthiop?iene  (X)  was  obtained  under  conditions  analogous  to  those  for  getting  2, 5-dimcthyl - 
3,4-diacctylthiophcne  (process  from  13.4  g  of  2-mcthyl-5-acetothienone  and  9.12  g  of  acetyl  chloride  in  the 
presence  of  32  g  of  aluminum  chloride.  Yield  9.96  ^{51-Jo),  m.p.  9-1-96*. 

Found  %  C  59.30,  59.48;  H  5.71,  6.47;  S  17.43,  17,51.  CslIxoOzS.  Calculated  ''k  C  59.31;  11  5,53;  S  17.59. 

2-EthyI -3 ,5-diacctylthiophcne  (XIII)  v/as  obtained  under  the  conditions  described  above  with  slight  changes. 

A  mixture  of  7.7  g  of  2-ethyl-5-acetothicnonc,  16.7  g  of  aluniinum  chloride,  and  4.7  g  of  acetyl  chloride  was 
heated  for  three  hours  at  50-55*  and  the  amoiphous  precipitate  which  settled  out  v/as  extracted  with  ether;  from 
the  ether  extract  after  washing  and  drying  with  calcium  chloride  and  distillation  of  the  solvent,  vacuum  distillation 
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of  the  residue  gave  the  following  fractions:  1st  b.p.  126-1-10*  (4  rnm),  0.4  g,  nD*®  1.513G1;  2nd,  b.p.  140-143.5* 

(4  inni),  5.9  g  which  crystallized.  M.p.  47-48"  (from  aqueous  alcohol).  Yield  G07o. 

Found  “/j:  C  01.17,  G1.34;  11  G.2G,  6.31;  S  16.17,  16.32.  CiollijOjS.  Calculated  C  61.10;  II  6.16;  S  16.33. 

5-Mcthyl-2,l-ihiophenedicarboxylic  acid  (XI).  Oxidation  of  2-niethyl-3,5“diacetylthiophene  was  carried 
out  by~t  he  method  described  in  tlic  literature  for  oxidation  of  2,5-diacetothienone  [7].  From  6.7  g  of  5-methyl - 
2,4-diacctylt!)iopIiene  with  sodium  liypcchlorite  we  obtained  5.6  g  of  5-methyl -2, 4-thiophenedIcarboxylic  acid 
with  m.p.  270-279*  (from  water,  in  a  sealed  capillary). 

Found  'lo:  C  45. 17.  45.38;  II  3.71,  3.57;  S  16.95.  17.17.  C^IlgO^S.  Calculated  C  45.15;  H  3.24;  S  17.22 

Dimethyl  5-mcthyl-2,4-t!iiophene  dicarboxylatc  (^II)  was  synthesized  under  renditions  nnalogous  to  those 
for  getting^LX),  from  1.3  g  of  5-mcthyl-2,4-thiophcncdicarboxylic  acid  and  92  ml  of  an  etlter  solution  of  diazo- 
methane  v/hicli  contained  about  2.24  g  of  diazomethane.  V.'e  obtained  1.42  g  (O  l.G'/o),  m.p.  85-36*  (from  alcohol). 

Found  iz  c  50.60.  50.66;  11  4.91,  4.66;  S  14.74,  14.81.  CJH1CO4S.  Calculated  <7^:  C  50.45;  II  4.70.  S  14.96. 

SUMMARY 

1.  We  have  shown  that  2,5-dimethylthiophene  forms  3,4-diacetyl  derivatives  under  conditions  of  the 
Friedel -Crafts  reaction. 

2.  The  yield  of  2, 5 -dimethyl -3,4 -diacetylthiophenc  can  be  increased  by  carrying  out  the  acetylation  with¬ 
out  a  solvent  W'ith  an  excess  (2.5  moles)  of  aluminum  chloride. 

3.  Fhc  structure  of  2,5-dimcthyl-3,4-diacctyUhiophene  was  shown  by  its  oxidation  to  2, 5-dimethyl -4- 
acctyl-3-thiopIicnccarboxylic  acid,  by  decarboxylation  of  the  latter  into  the  known  2,5-dimcthyl-3-acetothie- 
iione,  and  by  oxidation  ofthe  diketone  into  the  corresponding  3,4-dicarboxyTic  acid. 

■1.  Wc  liave  shown  that  2-methyl-  and  2-cthylthiophencs  in  the  presence  of  excess  acetyl  chloride  give 
tlie  corresponding  3,5-diacctyl  derivatives  with  yields  on  the  order  of  60‘7c». 

5.  We  have  described  a  series  of  new  mono-  and  difunctional  derivatives  of  thiophene. 
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Continuing  our  study  of  the  reactions  of  selenophene-2-aldchydc,  we  have  investigated  its  relation  to  lialo- 
genating  reagents  and  have  obtained  5-halogcnated  sclenophene-2-aldehydes. 

Wc  obtained  5-broinosclcnophenc-2-aldchyde  by  bromination  of  selenophcne -2-aldehyde  with  bromine, 
dioxane  dibromide,  and  N-bromosuccinimidc  with  yields  of  23,  25,  and  4370  rcsjxictively.  In  recent  work,  Chicrici 
and  Pappalardo  [1]  described  the  synthesis  of  5-bromoselcnophcne-2-aldehydc  by  formylation  of  2-bromoselcnophcne 
will)  N-dimct!iyIformamide  which  occurred  only  at  the  boiling  temperature.  This  preparation  of  5-bromoseleno- 
phene-2-aldeb.yde  was  identical  with  the  preparation  which  v/c  obtained  by  broininating  selenophene-2-aldehyde 
diacetatc  with  N-bromosuccinimide  and  later  hydrolysis  of  the  bromination  product. 
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The  ultraviolet  absorption  spectrum  of  the  semicarbazones  of  5-bromoselcnophene-2-aldehyde  (Xmax  324mfi, 
Ig  4.33)  as  given  in  Fig.  1  also  agreed.  The  action  of  nitric  acid  on  5-bromoselcnophenc-2-aldehydc  led 

to  replacement  of  tlic  bromine  by  the  nitro  group  and  the  preparation  of  5-nitroselenop]iene-2-aldehyde  in  a  yield 
of  75"/'>. 
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5-Chloroselenophene-2-aldchydc  was  obtained  by  chlorination  of  sclcnophcnc-2-aldehyde  with  N-chloro- 
succinimidc  and  by  formylation  of  2-chlorosclciiophcne  with  dDnethylforniarnide  in  the  presence  of  phosphorus 
oxychloride  with  yields  of  75'7o  and  65’7o  respectively. 
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Pig.  1.  Ultraviolet  spectrum 
of  6*  bromosclenopheuc -2 -al¬ 
dehyde  scmicarbazonc  (\niax 
324  m/i ,  Ig 


Fig.  2.  Ultraviolet  spectrum 
of  5-cblotoselenophene-2-al- 
dehyde  semicarbazone  (Xpiax 
321  in^i ,  Ig  Cfxiax 


The  curves  of  the  ultraviolet  absorption  spectrum  of  the  semicarbazone  of  both  preparations  of  5-chloro- 
seIenophene-2 -aldehyde  •  ^8  ^rnax  shown  in  Fig.  2  also  agreed. 

Thus,  in  chlorination  or  brotnination  of  selenophenc-2-aldchyde  the  halogen  atom  enters  the  5  position  of 
the  sclenophene  ring. 

The  condensation  of  halogcnated  selenophenealdehydes  with  o-aminophenol,  rhodanir.e,  hippurlc  acid,  ethyl- 
enediamine,  and  also  nitromethane  gave  the  corresponding  N-{5-haloselencnal -2)-o-amlnophenol  (1),  5-(5'-halo- 
selenenal-2’)-4-thiazolidonc-2-thione  (II),  2-phenyl-5-(5’-haloselenenal-2’)-4-oxazolone  (III),  N,N’-bis-(5- 
baloselenei!al-2)-ethyIcncdiaminc  (IV),  and  5-h3lo-2-t(;-nitrovinylseler.ophenc  (V). 
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The  action  of  monochloroacetic  acid  on  the  thiosemicarbazone  of  5-haloselcnophcne-2-aldehydes  In  the 
presence  of  sodium  acetate  led  to  preparation  of  hydrazothiazolinonc-5-haloseIenophcnc-2-aldehydcs, 
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EX  PERIMENTAL 


5-Btomosclenophene -2-aldehyde,  a)  To  a  boiling  solution  of  15  g  of  sclcnophenc-2-aldehydc  In  36  ml 
of  dichlorocthanc  (in  tlic  presence  of  traces  of  sulfur  and  hydroquinonc)  during  1.5  hours  was  added  17.3  g  of 
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bromine  in  46  ml  of  dichlorocthane;  the  mixture  was  heated  for  one  hour  until  evolution  of  hydrogen  bromide  stopped 
and  then  was  steam  distilled.  The  dichlorocthane  layer  was  separated  and  the  water  was  extracted  with  ether.  After 
distillation  of  the  solvent  from  the  solution  dried  over  sodium  sulfate  the  residue  was  distilled  in  a  vacuum  in  a 
stream  of  nitrogen.  We  obtained  5  g  (23‘7o). 

B.p.  112-113*  (6  mm),  nO*®  1.6719,  2.1155. 

b)  To  a  solution  of  11.9  g  of  sclcnophcne-2-aldehyde  in  25  ml  of  ether  with  stirring  and  cooling  with  water 
was  added  in  portions  18.5  g  of  dioxane  dibromide.  Then  the  reaction  mixture  was  washed  with  water,  with  soda, 
again  with  water  and  the  ether  solution  was  dried  with  sodium  sulfate.  After  the  ether  had  been  distilled  off,  the 
residue  was  distilled  in  a  vacuum  in  a  stream  of  nitrogen.  We  obtained  4.5  g(257o). 

B.p.  114-115*  (7  mm),  nD*®  1.6712,  d^*®  2.1159. 

c)  To  a  boiling  solution  of  32  g  of  selenophcnc-2-aldehyde  in  100  ml  of  dry  chloroform  with  energetic 
stirring  was  added  40  g  of  N-bromosuccinimide, heating  was  continued  for  one  hour,  and  the  product  was  steam 
distilled.  After  treatment  of  the  distillate  as  described  Jn  (a)  we  obtained  20.5  g  (437o). 

B.p.  124-125*  (12  mm),  nD*®  1.6728,  d^*®  2.1168,  MRp)  42.16.  CjHjBrOSepz.  Calculated  40.57;  EMp  1.59. 

Found  70:  C  24.74,  24.66;  H  2.28.  2.18.  CgHgONaBrSe.  Calculated  T*:  C  24.41;  II  2.03. 

Literature  data  p.}:  b.p.  110*  (15  mm). 

Scmicarbazone,  m.p.  200-201*  (with  decomposition,  from  507  alcohol):  glittering  light-yellow  platelike 
crystals. 

Found  7>:  C  25.12,  25.36;  H  1.45,  1.43;  Se  33.21,  33.28.  CjHsOBtSe.  Calculated  7:  C  25.23;  II  1.28; 

Sc  33.59. 

Oxime:  m.p.  132-133*  (with  decomposition,  from  307o  alcohol)  silky,  ncedlc-likc  crystals.  ' 

Found  7;  C  24.13,  23.99;  II  1.82,  1.91.  CgH^ONBrSe.  Calculated  C  23.17;  H  1.58. 

2,4-Dinitrophcnylhydrazonc,  m.p.  247-248*  (from  a  mixture  of  alcohol  and  ethyl  acetate,  1 :2),  bright- 
red  crystals. 

Found  io:  C  31.37,  31.47;  II  1.93,  1.89.  CnH704N4BrSe.  Calculated  7?:  C  31.60;  II  1.69. 

Thioscmicarbazone,  m.p.  175-176*  (from  507>  alcohol),  yellow  crystals. 

Found  7o:  C  23.39,  23.28;  H  2.03,  1.84.  CeMgNjBrSSe.  Calculated  7>:  C  23.17;  H  1.94. 

Sclcnophene-2-aldehydc  diacetate.  A  mixture  of  10  g  of  sclenophene-2-aldehyde,  6.5  g  of  acetic  anhydride 
and  0.3  g  of  anhydrous  zinc  chloride  remained  at  20’  for  24  hours;  the  precipitate  was  washed  with  water  and  with 
soda.  We  obtained  15.3  g(9573):  m.p.  58-59*  (from  alcohol),  white  hexagonal  crystals. 

Found  7-^.  C  41.29,  41.49;  H  3.74,  3.68;  Sc  30.00,  29.91.  C9Hio04Se.  Calculated  7>:  C  41.39;  H  3.86; 

Se  30.24. 

Bromination  of  sclenophcnc-2-aldehyde  diacctate.  To  a  boiling  solution  of  7.5  g  of  selenophcne-2-aldehyde. 
diacetate  in  20  ml  of  dry  chloroform  with  stirring  v/as  added  5.3  g  of  N-bromosuccinimide,  the  mixture  was  heated 
for  one  hour  and  steam  distilled.  After  treatment  of  the  distillate  os  described  in  (a)  we  obtained  4.5  g  (637^)  of 
5-bromosclcnopfienc-2-aldchydc. 

B.p.  114-115*  (7  inm),  nD*®  1.6719,  d4*®  2.1157. 

5-Nitroselenophenc-2-aldehyde.  A  mixture  of  2.4  g  of  5-hromoselenophene-2-aldehyde  and  7  ml  of  nitric 
acid  (d  1.2)  was  heated  to  the  beginning  of  the  exothermal  reaction:  after  the  violent  reaction,  the  mixture  was 
heated  for  two  hours  until  vapors  of  bromine  disappeared,  and  was  diluted  threefold  v;ith  water.  The  precipitate 
was  filtered  and  washed.  We  obtained  1.4  gfTOyj):  m.p.  88’ (from  ligroin),  liglit-yellow  needles.  A  sample  mixed 
with  commercial  5-nitroselcnophene-2-aldchyde  [2]  gave  no  melting  point  depression.  According  to  the  litera¬ 
ture  [2],  m.p.  89*. 

2-Chloroselenophene.  To  30  g  of  selenophene  was  added  over  ten  minutes  32.4  g  of  sulfuryl  chloride,  the 
mixture  was  boiled  one  hour  and  steam  distilled.  The  distillate  was  extracted  with  ether;  the  extract  was  dried 
with  sodium  sulfate.  The  ether  was  distilled  off,  and  the  residue  was  fractionated.  We  obtained  16. 5  gfBOT^). 
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B.p.  152-153’  (740  inm);  nD^®  1.5039,  1.7560,  32.1.  QllaClSe^z.  Calculated  33,0. 

Foiintl  lo:  C  29.14,  29.09;  H  1.90,  1.92;  Se  47.42,  47.30.  C^HjClSc.  Calculated  *5^^  C  29.03;  H  1.83; 


Se  47.71. 


I.iteraiure  dan  [3]:  3.p.  42*  (14.5  mm),  nD^®  1.5940,  di"''  1.6621. 

5-Chloroselei:ophcnc-2-al<iehyd<!.  a)  To  a  boiling  solution  of  5  g  of  sclenophenc-2-aldchyde  in  20  ml 
of  dry  cliloroform  \,’as  added  5  g  of  N-chlorosuccinimide;  it  v/as  bcatcd  for  30  minutes,  cooled,  the  succinimide 
was  filtered  off  and  washed  with  chloroform.  After  distillation  of  the  solvent  the  residue  was  distilled  in  a  vacuum. 

V/c  obtained  4.5  g  (75‘7fX 

B.p.  93’  (5  mm),  nD*®  1.6U9,  d^^®  1.7840,  MRj)  38.80.  CjHaOClSepz.  Calculated  37.67;  EMp)  1.13. 

l-oiiiid  %■.  C  31.23,  31.26;  11  1.47,  1.67;  Sc  40.42,  40.53.  C^HaOClSe.  Calculated  31.03;  H  1.52; 

Se  40.80. 

b)  To  a  mi.Mure  of  32.3  g  of  2-chloroselcnophcne  and  20  g  of  dimethylformamide  with  stirring  and  cooling 
by  ice  water  was  added  over  1.5  hours  43  g  of  phosphorus  oxychloride;  it  was  stirred  at  65*  for  one  hour,  cooled, 
poured  onto  icc  (500  g)  and  375  g  of  sodium  acetate  was  added;  it  was  he.ated  to  complete  solution  and  extracted 
with  ether.  The  extract  was  dried  over  sodium  sulfate,  tlic  ether  was  distilled  off,  and  the  residue  distilled  in  a 
vactium.  We  obtained  25  g  (65'7o). 

B.p.  97.5*  (8  mm),  nD*®  1.&419,  dj*®  1.7842. 

Scmicarbazone;  m.p.  196-197*  (from  SO^o  alcohol),  light-yellow,  glittering  plates. 

Found  %  C  29.10,  29.15;  H  2.60,  2.71.  CgH^ONjClSe.  Calculated  C  28.75;  H  2.41. 

Oxime;  m.p.  114-115’ (from  OO^o  alcohol). 

Found  ^0-.  C  29.10,  29.27;  H  1.99,  2.00.  CslI^ONClSe.  Calculated  C  28.79;  H  1.94. 

Thiosemicarbazone;  m.p.  170*  (from  bO"/*)  alcohol),  light-yellow  crystals. 

Found  '7o:  C  27.22,  27.15;  H  2.37,  2.45.  CgHcNjClSSe.  Calculated  ^i<y.  C  27.02;  H  2.27. 

5-Bromo-2-ti)-nitrovinylselenophene.  To  a  solution  of  3.75  g  of  5-bromosclenophenc -2 -aldehyde  and  1.22  g 
of  nitrometliane  in  10  ml  of  methyl  alcohol  with  cooling  (by  snow  and  salt)  and  energetic  stirring  we  added  dropwisej 
a  solution  of  0.6  g  of  sodium  hydroxide  in  4  ml  of  water;  stirring  was  continued  for  30  minutes  more,  20  ml  of  water 
was  added,  it  was  v;ell  cooled  and  6  ml  of  107'-’ hydrochloric  acid  was  added  dropwisc,  it  was  cooled  to  -5*  (not 
above  0*).  The  precipitate  was  separated  and  washed  with  ice  water.  We  obtained  2  g(467'j);  m.p.  111-112* 

(from  757^  alcohol),  glittering  yellow  needles. 

Found  7o:  C  25.17,  25.27;  H  1.59,  1.75;  Se  27.88,  27.76.  CgH^OjNBrSe.  Calculated  %  C  25.64;  II  1.44; 

Se  28.10. 

5-Chloro-2-uj-nitrovinylselenophcne.  From  1.93  g  of  5-chloroselenophene-2-aldehyde  and  1.22  g  of  nitro- 
methane  we  obtained  as  described  alcove  1.5  g(667o);  m.p.  106-107*  (from  757o  alcohol),  yellow  crystals. 

Found  Tj:  C  30.28,  30.17;  H  1.81,  1.91;  Se  33.02,  32.90.  CgH^OzNClSe.  Calculated  7o:  C  30.46;  H  1.70; 

Se  33.36. 

N-(5-Bromoselcnen3l-2)-o-aminophenol.  A  solution  of  2.38  g  of  5-bromoselcnophene -2-aldehyde  and  1.18  g 
of  o-aminophcnol  in  20  ml  of  methyl  alcohol  was  heated  for  two  hours  on  a  water-bath.  After  distillation  of  part 
of  the  alcohol,  a  precipitate  came  down;  we  obtained  3.2  g(937o):  m.p.  65-66’  (from  507o  alcohol),  yellow  crystals. 

Found  %  C  39.90,  39.82;  H  2.23,2.17;  Se  23.66,  23.5^1.  CnHgONBiSe.  Calculated  7o:  C  40.14;  H  2.45; 

Se  23.99. 

N-(5-Chloroselenenal-2)-o-aminophcnol.  From  1.93  g  of  5-chlorosclcnophenc-2 -aldehyde  and  1.18  g  of 
o-aminophenol  we  obtained  2.3  g(8l7'>);  m.p.  53-59*  (from  707<»  alcohol);  light-yellow  crystals. 

Found  7o:  C  46.28,  46.17;  11  2.57,  2.65;  Se  27.38,  27.43.  C^llgONClSc.  Calculated  7^^.  C  46.42;  H  2.83; 

Se  27.74. 
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N,N’“Bis(5>broniosclencnal-2)-ethylenediainine.  To  2.38  g  of  5-bromoselenoj>hene-2-aldehydc  was  added 
3.4  ml  of  2b'yo  aqueous  solution  of  ethylcnediamine,  10  ml  of  alcohol,  and  the  mixture  was  heated  for  three  hours 
on  a  water  bath.  \s'e  obtained  1.2  g  (48'Vf):  m.p.  121-122“  (from  50^o  alcohol). 

Found  '7<r.  C  28.79,  29.21;  11  2.10,  1.88;  Se  31.25,  31.33.  Ci2llioN2Br2Sc2.  Calculated  7o:  C  28.82;  11  2.02; 

S  31.58. 

N,N*-Dis(5-chIotoselencnal-2)-cthyIenedianiine.  Form  1.93  g  of  5-ch!orosclenoj>hene-2-aldehyde  and 
3.4  ml  of  207o  aqueous  solution  of  ethylcnediamine  we  obtained  1.4  g  (6870);  m.p.  105-106*  (from  507®  alcohol). 

Found  7o:  C  34.84,  34.79;  H  2.57,  2.70;  Sc  38.09,  38.20.  C12H10N2CI2SC2.  Calculated  7o:  C  35.05;  H  2.45; 

Sc  38.41. 

2-Phcnyl-5-(5'-bromoscIencnal-2')-4-oxazolone.  A  mixture  of  0.8  g  of  5-btoMroselenophcnc-2 -aldehyde, 
0.6  g  of  hippuric  acid,  0.3  g  of  anliydrous  sodium  acetate,  and  3.3  g  of  acetic  anhydride  was  heated  on  a  water 
bath  for  one  hour.  \v'e  obtained  1.1  g(877o);  m.p.  182-183*  (from  benzene),  yellow  needles. 

Found  "Jo:  C  44.24, 44.01;  H  2.68,  2.50;  Se  20.43,  20.31.  Ci4M8(li2NBrSe.  Calculated  "Jo:  C  44.12;  H  2.38; 

Se  20.71. 

2-Phcnyl-5-(5.*-chloroselencnal-2')-4-oxazolonc.  From  1.93  g  of  5-chlorosclcnophenc -2-aldehyde,  1.78  g 
of  hippuric  acid,  0.8  g  of  anhydrous  sodium  acetate,  and  10  g  of  acetic  anhydride  we  obtained  3.27  g(977o);  m.p. 
173-174“  (from  benzene),  yellow  needles. 

Found  "Jo:  C  50.3-4,  50.41;  H  2.50,  2.65;  Se  23.01,  23.12.  Ci4lIgOiNClSc.  Calculated  7’:  C  49.99;  H  2.33; 

Se  23.45. 

5-(5*-Bronioselet>cnal-2*)-4  -thiazolidorie-2-thione.  To  a  slightly  heated  solution  of  2.38  g  of  5-bromo- 
sclcnoplicnc-2-aldchydc  and  1.3  g  of  rhodauine  in  8.8  ml  of  glacial  acetic  acid  was  added  1.85  g  of  anhydrous 
sodium  acetate;  the  mixture  was  heated  0.5  hour  and  50  ml  of  water  was  added.  The  precipitate  was  washed  with 
water,  alcohol,  and  ether.  We  obtained  1.5  g  (437o)  of  glittering  light-brown  crystals  which  decomposed  without 
melting. 

Found  "Jo.  C  27.69,  27.75;  H  1.38,  1.40;  Se  22.01, 21.92.  C8H40NBrS2Sc.  Calculated  "Jo.  C  27.50;  11  1.15; 

Sc  22.36. 

5-(5*-Chlorosclcnenal-2*)-4-th iazolidone-2-thione.  From  1.93  g  of  5-chIorosclenophenc-2-aldehydc, 

l. 3  g  of  rhodaninc  in  8.8  nil  of  glacial  acetic  acid,  and  1.85  g  of  anhydrous  sodium  acetate  we  obtained  1.4  g 
(457*>);  m.p.  243“  (decomposition),  glittering  light-brown  crystals. 

Found  "Jo.  C  31. IG,  31.06;  11  1.30,  1.38;  Se  25.17,  25.22.  C7II4ONCIS2SC.  Calculated  "Jo:  C  31.12;  H  1.31; 

Sc  25.31. 

llydrazothiazolinone-5-bromoselenophcnc-2-aldehyde.  To  1.51  g  of  the  thiosemicarbazone  of  5-bromo- 
sclenophcne-2-aldchyde  in  20  ml  of  alcohol  was  added  1  g  of  chloroacetic  acid  and  the  mixture  was  heated  for 
one  hour.  The  precipitate  was  washed  with  hot  water  and  alcohol.  We  obtained  1.4  g(807o):  m.p.  2*43“  (decom¬ 
position). 

Found  7^:  C  27.08.  27.15;  H  1.63,  1.84;  Se  22.04,  22.19.  CglloONaBtSSc.  Calculated  "Jo:  C  27.36;  H  1.72; 
Se  22.49. 

llydrazothiazolinone-S-chlorosclcnophenc- 2- aldehyde.  From  1.33  g  of  the  thiosemicarbazone  of  5-chloro- 
sclcnophcnc-2- aldehyde,  1  g  of  anhydrous  sodium  acetate,  and  1  g  of  chloroacetic  acid  we  obtained  1.4  g  (9l7o): 

m. p.  241“  (decomposition). 

Found  "Jo.  C  30.68,  30.90;  11  2.11,  2.03;  Sc  25.46,  25.38.  CgllgONsClSSe.  Calculated  "Jo.  H  1.97;  Se  25.75. 

SUMMARY 

1.  By  bfomination  of  selenophene-2-aldehyde  with  broniinc,  dioxane  dibromide,  and  N-bromosuccinimide, 
as  v/ell  as  by  brominalicn  of  sclenophene-2-aldehydc  diacctatc  with  N-bromosuccinimide  wc  obtained  5-bromo- 
selenophene-2-aldehyde, 

2.  Chlorination  of  selcnophcne-2-aldchyde  with  N-chlorosuccinimide  and  formylation  of  2-chloroseleno- 
phene  with  dimethylformamide  give  5-chloroselenophcnc-2-aldehyde. 
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3.  5-Croino-  and  5-chloro3clenophcne-2-aldchydcj  react  easily  with  niironiethanc,  hippuric  acid,  o-amlno- 
phenol,  cthylencdianiine,  and  rhodaninc,  to  form  the  corresponding  selenenal  derivatives:  condensation  of  the  thio- 
seinica.haaonc  of  .'3-haloseIenophene-2-aldchydes  with  chloroacetic  acid  also  gives  the  corresponding  selenenal 
derivatives, 

4.  V/lien  nitric  acid  acts  on  5-bronioselenophcne-2-aldehyde  die  nitro  group  replaces  the  bromine  to  give 
5-nitroscIenophene -2 -aldehyde. 
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Tile  reaction  of  chlorometliylation  of  ketones  of  the  aromatic  and  heterocyclic  scries  has  been  little  studied. 
In  1920  Stcplicn  fl]  carried  out  the  chlorometliylation  of  anthraquinoiie  by  chloromethyl  esters  in  the  presence  of 
zinc  chloride  but  did  not  obtain  positive  results.  Later  attempts  at  chlorometliylation  of  acetophenone  [2]  and 
ben/ophenone  [3|  were  also  without  result.  Fuson  and  Kcever  [3]  using  paraform  and  concentrated  hydrochloric 
acid  succcdcil  in  carrying  out  the  chloromcthylation  of  some  aromatic  ketones  which  had  two  or  more  alkyl  groups 
in  the  bcn/cne  ring.  They  showed  tliat  in  these  ketones  the  chlorometliyl  group  replaced  hydrogen  in  the  aromatic 
ring  and  not  on  tlic,  cy-carbon  atom  of  the  acyl  group.  In  1956  the  chlorometliylation  of  2-hydroxy-  and  2-mcth- 
oxyproinophcnonc  was  carried  out  [1]  and  along  with  the  monochloromeihyl  derivative  were  obtained  dichloro- 
rncthyl  derivatives;  in  these  cases  the  chloromethyl  groups  also  replaced  hydrogen  of  the  benzene  ring.  Accord¬ 
ing  to  the  results  of  Hartough  [5]  in  the  chlorometliylation  of  2-acctothiophcnc  by  formalin  and  concentrated  hy¬ 
drochloric  acid,  B -chloropr'opiothiophcnc  and  a-chloromcthyl-B -chloropropiothiophene  arc  obtained. 

In  the  present  work,  a  continuation  of  the  study  of  reactions  of  ketones  of  the  selcnophenc  scries,  we  have 
carried  out  chlorometliylation  of  2-accto-,  2-propio-,  and  2-methyl -5-acetosclenophcne..  By  changing  the  reac¬ 
tion  conditions  we  have  succeeded  in  finding  ones  in  which  the  yield  of  chloromethyl  derivatives  reaches  74-80% 
based  on  the  ketone  used.  For  this  purpose  we  rrmst  have  a  threefold  excess  of  34%  formalin  and  concentrated 
hydrochloric  acid,  a  rapid  stream  of  hydrogen  chloride  and  a  temperature  of  50-60*  while  continuing  the  reaction 
5-5.5  hours  in  dichlorocthanc  as  the  solvent.  When  formalin  is  replaced  by  paraform  the  yield  of  chloromethyl 
derivative  of  2-acctoscleiiophcnc  is  70%.  Monochloromeihyl  derivatives  of  2-aceto-  and  2-propioselenophenc  as 
a  rule  arc  obtained  with  small  admixtures  of  dichlororncthyl  derivatives  which  can  be  separated  by  distillation. 
Decreasing  the  amount  of  dichloroethane  to  a  minimum  causes  a  sharp  change  in  the  ratio  of  substances  formed 
in  the  direction  of  an  increase  in  the  dichlororncthyl  derivatives:  in  this  case,  with  chloromcthylation  of  2-aceto- 
sclcnophenonc  we  obtained  41%  of  tlie  monochloromcthyl  derivative  instead  of  74%,  and  16%  of  the  dichloroinethyl 
derivative  instead  of  a  trace;  in  the  analogous  chloromcthylation  of  2-propioselenophcne  wc  obtained  36%  of  the 
monochloromctliyl  derivative  instead  of  80%, and  24%  of  the  dichloroinethyl  derivative  instead  of  a  trace. 

Wc  can  expect  that  by  analogy  with  the  behavior  of  2-acctothiophenc  in  this  reaction  the  products  of  niono- 
chloromcthylation  of  2-aceto-  and  2-propio'clenophenc  will  have  the  structure  of  0 -chloropropioselenophene  and 
the  corresponding  8 -chloro-a-chlotornethylpropioselcnophene.  In  this  case  tlicir  reaction  v;ith  diinethylamine 
should  give  aminoketones  identical  with  those  which  two  of  us  obtained  previously  [6J  in  the  Mannich  reaction  in 
aminomethylation  of  2-aceto-  and  2-propiosclcnophencs.  However,  a  mixed  sample  of  the  hydrochlorides  of  the 
two  aminoketones  obtained  in  this  way  from  2-acctoselenophcne  showed  a  depression  of  4  0*;  for  t'lc  hydrochlorides 
of  the  two  aminoketones  from  2-propioselenophene  the  depression  was  25".  Hence,  chloromcthylation  of  ketones 
of  the  selcnophenc  scries  occurs  in  the  selenopliene  ring  and  not  on  the  a-hydrogen  atom  of  the  acyl  group. 
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As  evidc.ice  of  the  structure  of  the  2-chloromcthyl-5-aceio'eIeuophene  obtained  in  this  way  we  have  the 
reduction  of  it  by  tin  chloride  to  2-inethyl-5-acetoselcnophcne,  identical  with  that  obtained  by  acetylation  of 
2  -nieihylselenophene. 


1  I  I  i  (cn  co),o  I  I 

ClCHa-'!^  JI-COCHa  ciT.cooTT  CM:,— 'l^^'-COCHa  ^  n'ji’O.  “ 

So  So  So 

Di  the  same  way  we  have  shown  the  structure  of  2-chloromethyl-5-propioselenophcnc.  By  reduction  of 
this  ketone  with  tin  chloride  we  have  obtained  2 -methyl -5-propioselenophene,  identical  with  the  2-methyl-5“ 
propioselenoplune  obtained  by  acylation  of  2-methylselenophene. 

nsnci,.  HCI  II  j|  C,H»COOH.  SICI.  f  j 

COC2H5  CHiCOOir  CH3— COC2H5  CH3— !!^J! 

So  So  So 

As  to  the  structure  of  the  dichlorornethyl  derivatives  of  2-acetoselcnophene,  we  can  expect  that  the  second 
chloromcthyl  group  will  enter  the  ortho  position  with  respect  to  the  first  and  the  meta  position  with  respect  to  the 
acyl  group,  that  is,  the  dichlorornethyl  derivative  sliould  have  the  structure  of  2,3-di(chloromcthyl)-5-acetoscleno- 
phene. 

By  reduction  of  2,3-di(chloromethyl)-5-acctosclcnophcne  with  tin  chloride  we  get  2,3-dimethyl-5-accto- 
sclenophcne  which  is  identical  with  the  2,3-dimethyl-5-acetoselenophcnc  obtained  by  direct  synthesis. 


I  II  Snci,.  HCI  II  II  (CH,r.0).0  |  B 

CICll2-l|^^'-COCH3  CH.coo'ii  CHa-'l  I'— COCII3  '  h.po.  CH.,J  ) 

So  00  So 

In  an  analogous  way  from  2 -methyl -5-acetoselcnophcne  by  the  chloromethylation  reaction  we  can  form 
2-mcthyl-3-chloromethyl-5-acetosclenophenc.  Actually,  in  the  reduction  of  tlie  latter  we  obtain  2,3-dimethyl- 
5-acetoselcnophene  which  is  identical  with  the  2,3-dimcihyl-5-acctoselenophcne  obtained  by  direct  synthesis. 


CICHi- 

CU3. 


nSnCI,,  IICI 
COCH3  ^jCOUlT 
So 


— COCII 


3 


(C1I,CO),0 


CH 

ClI 


2-Chloromcthyl-5-acctoselenophene  and  2 -chloromcthyl -5-propioselenophene  react  easily  with  dimethyl- 
and  diethylamines  with  formation  of  the  corresponding  tertiary  amines. 


inL'II. 


n 


-COR  -j-  NII(R')2 


(U'hN 


R  =  CH,.  C.H,:  R'  =  CJl5.  C,H.. 
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EXPERIMENTAL 


Chloromethylation  of  ketones  of  the  selcnophene  series  was  carried  out  in  a  four* neck  flask  with  a  stirrer, 
gas  Inlet  tube,  reflux  condenser,  and  thermometer.  Into  the  mixture  of  ketone,  347o  formalin,  concentrated  hy¬ 
drochloric  acid,  and  dichloroethanc  was  passed  a  rapid  stream  of  hydrogen  chloride  for  5-5.5  hours  at  50-60*; the 
mixture  quickly  darkened  and  became  red  brown.  When  the  mLxture  had  cooled,  air  was  passed  through  it  for 
15-20  minutes  and  it  was  poured  into  cold  water.  An  oily  layer  separated,  the  water  layer  was  repeatedly  extracted 
with  dichlorocthane,  the  extracts  and  the  oily  layer  were  combined,  washed  with  2  N  sodium  hydroxide  to  a  weakly 
alkaline  reaction  of  the  wash  water,  which  was  twice  extracted  with  dichloroethanc.  The  dichloroethanc  solution 
was  dried  over  potash,  the  solvent  was  distilled  off,  and  the  substance  was  distilled  in  a  vacuum. 

2-Chloromethyl-5-acctosclenophene.  Eight  g  of  2-acetoselencphene,  11  ml  of  34*70  formalin,  11  ml  of 
concentrated  hydrochloric  acid,  50  ml  of  dichloroethanc,  a  stream  of  hydrogen  chloride.  We  recovered  1.8  g  of 
unchanged  ketone.  We  obtained  5.9  g(747o  based  on  ketone  used). 

B.p.  144.5-145.5  (8  mm).  nD*®  1.6118,  d^*®  1.5982,  MRd  48.19.  C7H70ClSeF2.  Calculated  46.87. 

Found '7o:  C  37.94  ,  37.76;  H  3.20,  3.32;  Se  35.96,35.81.  C7H70ClSe.  Calculated  fo;  C  37.94;  H  3.18; 

Sc  35.64. 

2.3- Di(chloromethyl)-5-acetoselenophene.  Eight  g  of  2-acetoselenophenc,  11  ml  of  34*70  formalin,  11  ml 
of  concentrated  hydrochloric  acid,  10  ml  of  dichloroethanc,  a  stream  of  hydrogen  chloride.  We  obtained  4.2  g 
(41'^)  of  2-chloromethyl-5-acctoselenophcnc  with  b.p.  143-145*  (8  mm)  and  2.4  g(16'7o)  of  2,3-di(chloromethyl)- 
5-acetoselenophene  with  m.p.  70-71*  (from  507o  alcohol). 

Found  C  35.74,  35.66;  H  2.93,  2.90;  Se  29.48,  29.36.  CgHgOCljSe.  Calculated  °k  C  35.58;  H  2.98; 

Sc  29.22. 

2-Chloromethyl-5-propioselenophene.  Fifteen  g  of  2-propioselenophene,  28  ml  of  34*70  formalin,  21  ml  of 
concentrated  hydrochloric  acid,  50  ml  of  dichloroethanc,  a  stream  of  hydrogen  chloride.  We  recovered  4.9  g  of 
unchanged  ketone.  We  obtained  9  g  (80*70,  based  on  ketone  used). 

B.p.  148.5-149.5*  (8  mm),  nD*®  1.5969,  d4*®  1.5212,  MRp  52.74.  CgHgOClSCpj.  Calculated  51.49. 

Found  *7o:  C  41.35,  41.16;  H  3.72,  3.84;  Se  33.45,  33.71.  CgHgOClSe.  Calculated  *7o:  C  40.81;  H  3.85; 

Se  33.53. 

2.3- Di(chIoromcthyl)-5-propioscIcnophene.  Ten  g  of  2-propioselenophene,  25  ml  of  34*7o  formalin,  14  ml 
of  concentrated  hydrochloric  acid,  5  ml  of  dichloroethanc,  a  stream  of  hydrogen  chloride.  We  obtained  4.5  g 
(367o)  of  2-chloromcthyl-5-propioselenophene  with  b.p.  148-150*  (8  mm)  and  3.65  g(24*7o)  of  2,3-di(chloromethyl)- 
5-ptopioselenophcne  with  m.p.  79-80*  (from  50*7o  alcohol). 

Found  '7o:  C  38.50,  38.71;  H  3.67,  3.86;  Se  27.47,  27.59.  CgHigOCIgSe.  Calculated  %  C  38.05;  H  3.55; 

Se  27.81. 

2-Methyl -3-chIoromethyl-5-acetoselenophene.  A  mixture  of  8.6  g  of  2-mcthyl-5-acetoselenophene,  11 
ml  of  34*70  formalin,  11  ml  of  concentrated  hydrochloric  acid,  50  ml  of  dichloroethanc,  a  stream  of  hydrogen 
chloride.  We  obtained  8.7  g  (807o). 

B.p.  182-183*  (19  mm),  m.  p.  69-70*. 

Found  To:  C  40.65,  40.70;  H  3.98,  3.80;  Se  33.31,  33,26.  CgflgOClSe.  Calculated  %  C  40.81;  H  3.85; 

Se  33.53. 

2-Diethylaminomcthyl-5-acetosc-lenophcne.  In  a  three-neck  flask  with  a  stirrer  and  reflux  condenser  we 
placed  6  g  of  2-ch!oromethyl-5-acetosclcnophenc,  6.75  g  of  diethylamine,  and  2.7  g  of  pov;dered  potash.  After 
the  exothermal  reaction  had  ended,  the  mixture  was  heated  for  three  hours  on  the  water  bath,  cooled,  poured  into 
water,  and  repeatedly  extracted  with  benzene.  The  extract  was  dried  with  potash  and  unchanged  diethylamine 
and  benzene  were  distilled  off  and  the  residue  was  distilled  in  a  vacuum.  We  obtained  6.15  g  (887o). 

B.p.  153-153.5*  (8  mm),  nD^®  1.55^14,  d^*®  1.2582,  65.82.  ChHitONSc pg.  Calculated  64.42, 

Found  *70:  C  51.08,  50.95;  H  6.56,  6.88;  Se  30.41,  30.26.  CijHigONSe.  Calculated  C  51.17;  H  6.64; 

Se  30.59. 
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Picrate;  m.p.  97-98*  (from  50f<j  alcohol). 

Found  ^o:  C  41.91,  41.74;  H  4.23,  4.05;  Se  16.33,  16.53.  Ci7!?2oOaN4Se.  Calculated  I'A  C  41.90;  H  4.14; 

Se.  16.20. 

Hydrochloride;  m.p.  163-161’  (after  reprecipitation  by  absolute  ether  from  anhydrous  alcohol). 

Found  '’k.  C  44.55,  44.57;  H  6.0S,  6.01;  Se  26.97,  27.12.  CnHigONClSe.  Calculated  f.':  C  14.83;  H  6.16; 

Se  26.80. 

2-Dicthylaminomcthyl-5-propiosclenoph£nc.  From  6.2  g  of  2-chloromethyl-5-ptopiosclenophenc,  4.7  g 
of  dicthylamine,  and  1.9  g  of  potash  we  (ihtained  as  described  above  5.5  g(70'7o). 

B.p.  156-157’  (8  mm),  nD^°  1.5-180,  d^^®  1.2282,  70.41.  Cj-.HigONSepz.  Calculated  69.0-1. 

Found  ‘)o:  C  52.67,  52.49;  H  6.71,  6.04;  Se  28.61,  28.81.  C^iHigONSc.  Calculated  C  52.94;  H  7.03; 

Se  29.00. 

Picrate;  m.p.  127-128’ (from  50'7a  alcohol). 

Found  '7o;  C  43.23,  43.30;  H  4.20,  4.33;  Sc  15.78,  15.51.  Ci8H220sN4Se.  Calculated  C  43.10;  11  4.42; 

Se  15.75. 

Hydrochloride;  m.p.  150.5-151.5’  (after  reprecipitation  by  anhydrous  alcohol  from  absolute  ether). 

Found  7o:  C  46.59,  46.65;  H  6.41,  6.29;  Se  25.80,  25.61.  CijHzoONClSe.  Calculated  7o;  C  46.68;  H  6.53; 

Se  25.58. 

2-Dimeihylamino-5-acetoselenophene.  Into  a  mixture  of  6  g  of  2-chloromcihyl-5-acetosclenophene,  7.4  g 
of  powdered  potash,  15  ml  of  dichloroethane,  heated  for  three  hours  on  a  water  bath  at  50-70*  we  passed  dimethyl- 
amine.  After  cooling,  the  mixture  was  poured  into  water  and  repeatedly  extracted  with  dichloroethane.  The  ex¬ 
tract  was  dried  with  potash,  the  solvent  was  distilled  off,  and  the  residue  was  distilled  in  a  vacuum.  We  obtained 
4.8g(787o). 

B.p.  137-137.5*  (8  mm),  uD^®  1.5683,  d4^®  1.3322,  MKjj  56.56.  CaHiaONSePz.  Calculated  55.18. 

Found  ‘k  C  46.95,  46.99;  H  5.91,  5.91;  Sc  34.51, 34.40.  CglliaONSe.  Calculated  Tn  C  46.96;  H  5.69; 

Se  34.32. 

Picrate;  m.p.  129-130*  (from  507o  alcoliol). 

Found  %  C  39.17,  39.17;  H  3.71, 3.75;  Se  17.42,  17.00.  Ci5Hi603N4Se.  Calculated  'k.  C  39.22;  H  3.51; 

Se  17.19. 

Hydrochloride;  m.p.  159.5-160.5’  (after  reprecipitation  by  absolute  ether  from  anhydrous  alcohol). 

Found  7«  C  40.20,  40.33;  H  5.14,  5.21;  Se  29.-h4,  29.72.  CgHi40NClSe.  Calculated  %  C  40.54;  H  5.29; 

Se  29.68. 

2-Dimcthylamino-5-propioselenophene.  As  described  above,  from  6  g  of  2-chloromethyl-5-propioseleno- 
phene,  7.3  g  of  potash  in  15  ml  of  dichloroethane, with  passing  of  dimethylamine  for  2.5  hours, we  obtained  5  g 
(807o). 

B.p.  153-15-1*  (10  mm),  nD*®  1.5569,  d4^®  1.2872,  MRd  61.08.  CioHijONSeF:.  Calculated  59.80. 

Found  %  C  49.38,  49.50;  H  6.15,  6.26;  Se  32.01,  32.20.  CjoHisONSe.  Calculated  %  C  49.19;  H  6.19; 

Se  32.34. 

Picrate;  m.p.  97-98*  (from  50'7o  alcohol). 

Found  7o:  C  40.44,  40.52;  H  3.52,  3.70;  Se  16.S1,  16.40.  CisHigOgNiSe.  Calculated  7°:  C  40.61;  H  3.83; 

Se  16.69. 

Hydrochloride;  m.p.  168-168.5*  (after  reprecipitation  by  absolute  ether  from  anhydrous  alcohol). 

Found  Icr,  C  42.64,  42.S1;  H  5.41,  5.72;  Se  28.43,  23.51.  CnjHigONClSe.  Calculated  C  42.78;  H  5.74; 

Se  28.19. 
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2-Methyl-5-acetoseIenophene.  In  a  mixture  of  27  g  of  tin  chloride  and  54  ml  of  acetic  acid  was  passed 
hydrogen  chloride  to  full  solution  (20-30  minutes);  the  solution  was  filtered  and  6  g  of  2-chloromethyl-5”aceto- 
selenophenc  was  added  dropwisc;  the  mixture  stood  for  48  hours  and  was  poured  into  150  ml  of  water  and  extracted 
with  ether.  The  ether  extract  was  washed  with  40?o  sodium  hydroxide  and  dried  with  calcium  chloride.  By  distil¬ 
lation  we  obtained  0.5  g(107o);  b.p.  114-116*  (12  mm). 

Semicarbazone:  m.p.  218-219*  (from  507<>  alcohol). 

A  sample  mixed  with  a  commercial  semicarbazone  of  2-methyl-5-acetoselenophene  obtained  by  acetylation 
of  2-methylselcnophenc  showed  no  depression  of  the  melting  point.  The  literature  [7]  gives  m.p.  219-220*. 

2-Methyl-5-propio5elenophene.  a)  By  the  method  of  [8J  from  6  g  of  2-methylselenophene,  6.13  g  of  pro¬ 
pionic  acid,  and  47  g  of  silicon  tetrachloride  in  the  presence  of  5.4  g  of  anhydrous  tin  chloride  in  50  ml  of  anhy¬ 
drous  benzene  we  obtained  2.8  g  (337o):  b.p.  119-121*  (12  mm),  m.p.  33-33.5*  (from  50‘7i>  alcohol). 

b)  From  8  g  of  2-chloromethyl-5-propioselenophene  and  34  g  of  tin  chloride  in  70  ml  of  acetic  acid  we 
obtained  as  described  above  1,7  g(25'7o):  m.p.  33-34*  (from  SO^o  alcohol). 

A  sample  mixed  with  commercial  2-methyl-5-propioselenophene  gave  no  depression  of  the  melting  point. 

Found  ‘7o:  C  48r.29,  48.06;  H  4.89,  4.77;  Se  38.97,  39.13.  C,HioOSe.  Calculated  C  47.78;  H  5.01; 

Se  39.26. 

Semicarbazone:  m.p.  200-201.5*  (from  507o  alcohol). 

Found  <70;  C  42.44,42.20;  H  5.00,  4.98;  Se  30.42,  30.28.  CsHijONaSe.  Calculated  ^o:  C  41.87;  H  5.07; 

Se  30.59. 

2,4 -Dinitrophenylhydra zone:  m.p.  227-227.5*  (from  a  mixture  of  alcohol  and  ethyl  acetate). 

Found  '%  C  43.74, 43.74;  H  3.74,  3.57;  Se  21.02,  20.91.  Ci4Hi404N4Se.  Calculated  %  C  44.10;  H  3.70; 

Se  20.66. 

2 .3- Dimethyl -5-acetoselenophene.  a)  By  acetylation  of  9.5  g  of  2,3-dlmethylselenophene  with  3.4  g  of 
acetic  anhydride  and  a  mixture  of  0.7  g  of  857«>  phosphoric  acid  and  3.4  g  of  acetic  anhydride  by  the  method  of 
[7J  we  obtained  7.6  g(63'7o). 

Found  %  C  47.96,  48.03;  H  5.23,  5.34;  Se  39.38,  39.45.  CjHjoOSe.  Calculated  C  47.78;  H  5.01; 

Se  39.26. 

B.p.  133-134*  (15  mm).  nD*®  1.5865,  d4*®  1.4042,  MRq  48.09.  CgHioOSep*.  Calculated  46.63. 

2.4- Dinitrophenylhydrazone:  m.p.  261-262*  (from  a  mixture  of  alcohol  and  amyl  acetate). 

Found  *70:  C  43.84,  43.61;  H  3.93,  3.96;  Se  20.58,  20.64.  Ci4Hi404N4Se.  Calculated  %:  C  44.10;  H  3.70; 

Se  20.66. 

b)  From  4  g  of  2,3-di(chloromethyl)-5-acetoselenophene  and  30  g  of  tin  chloride  in  60  ml  of  acetic  acid 
as  described  above  we  obtained  0.4  g(l^o):  b.p.  130-132*  (13  mm). 

2.4- Diniirophenylhydrazone:  m.p.  261-262*  (from  a  mixture  of  alcohol  and  amyl  acetate).  A  sample  mixed 
with  commercial  2,4-dinitrophenylhydrazone  of  2,3-dimethyl-5-acetoselenophene  showed  no  depression  of  the 
melting  point. 

c)  From  7  g  of  2-mcthyl-3-chloromethyl-5-acetoselenophene  and  29  g  of  tin  chloride  in  60  ml  of  acetic 
acid,  as  described  above,  we  obtained  1.5  g  (257o);  b.p.  148-150*  (22  mm). 

2.4- Dinitrophenylhydrazonc:  m.p.  261-262*  (from  a  mixture  of  alcohol  and  amyl  acetate).  A  sample  mixed 
with  commercial  2,4-dinitrophenylhydrazone  of  2,3-dimethyl-5-acetoselenophene  gave  no  depression  of  the  melt¬ 
ing  point. 


SUMM  ARY 

1.  In  chloromethylation  of  2-acylselenophenes  the  chloromethyl  group  replaces  a  hydrogen  of  the  seleno- 
phene  ring:  depending  on  the  reaction  conditions  one  chloromethyl  group  enters  the  ring  in  the  unsubstituted  5- 
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position,  and  if  this  is  occupied,  then  in  the  unsubstituted  4-position,  or  two  chloromcthyl  groups  enter  in  unsub¬ 
stituted  4  and  5  positions.  Thus  we  liave  obtained  2-cliloromethyl-5 -acetoselenophenc,  2,3-di(chloroniethyl)-5- 
acctosclenophcne,  2-chlorornothyl-5-propio3elenophene,  2,3-di(chloromethyl)-5-propioselenophene,  and  2-metliyl- 
3 -chloromcthyl -5 -aeetosclcnopliene. 

2.  The  reaction  of  2-ch’oromethyl-5-acetoselenophene  and  2-chloromethyl-5-propioselenophene  with 
dimethyl-  and  fiicthylamine  leads  to  the  corresponding  tertiary  amine,  the  2-dialkylaminomct]iyl-5-acetoseleno- 
pheiic. 
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THE  ABSORPTION  SPECTRA  OF  D  IS  U  B  ST  IT  UT  ED  BENZENES 
WITH  FUNCTIONAL  GROUPS  OF  SIMILAR  DIRECTING  POWER 


IIL  NFFROBENZOIC  ACIDS  AND  ETHYL  NITROBENZOATES 

A.  E.  Lutskii  and  V.  T.  Alekseeva 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  8, 
pp.  2737-2742  ,  August,  1960 
Original  article  submitted  July  6, 1959 


The  absorption  curves  for  disubstituted  benzenes  with  the  composition  AC6H4A  or  DC6H4D  (where  A  is  an 
electron  acceptor,  and  D  an  electron  donor)  actually  differ  from  those  of  disubstituted  compounds  AC6H4D  by  the 
absence  in  the  first  of  a  band  due  to  transfer  of  an  excited  charge  with  participation  in  this  transfer  of  tt  -  and  p- 
electrons  of  both  functional  groups  and  the  comparatively  small  dependence  of  the  curves  on  the  relative  position 
of  the  substituents  [1 J.  For  a  further  test  of  this  fact  we  measured  the  position  in  the  middle  ultraviolet  of  o-,  m, 
and  p-nitrobcnzoic  acids  and  their  ethyl  esters  in  hexane  (for  the  latter),  benzene,  dioxane,  diethyl  ether,  n-butanol, 
98'/u  sulfuric  acid,  diluted  9.8‘7<’  sulfuric  acid,  and  nitrobenzoic  acid  in  2  N  alkali  (NaOH).  The  absorption  curves 
in  some  of  the  solvents  studied  are  given  in  Figs.  1-6,  the  rest  in  another  place  [2];  the  values  for  the  wavelength 
(X)  and  extinction  ( e)  of  shoulders  and  maxima  of  the  curves  in  all  the  solvents  are  given  in  Table  1.  These  values 
as  a  rule  agree  well  with  the  existing  data  for  band  B  (or  shoulders)  from  other  authors  [3-5]. 

The  absorption  curves  of  these  compounds  in  nonpolar  solvents  (hexane  and  dioxane)  consist  of  long  wave, 
low  intensity  shoulders  between  310-354  mp  (Ig  c  2.00-2.50)  and  intense  bands  (sometimes  appearing  only  as 
shoulders)  as  a  rule  in  the  region  of  250-255  mp  (Ig  c  3.9-4. 6).  They  almost  agree  in  their  positions  with  those 
in  unsubstituted  nitrobenzene  whose  curve  in  hexane  (heptane)  also  consists  of  shoulders  at  about  330  mp  (Ig  c  2.1) 
and  bands  with  maxima  at  251  mp  (Ig  e  4.0)  [1,  6,  7J.  In  tlie  esters  in  hexane  there  also  appear  on  the  absorption 
curves  the  bands  of  nitrobenzene  in  this  solvent  at  280  my  and  Ig  c  3.0,  Evidently  in  nitrobenzoic  acids  and  their 
esters  the  absorption  curves  are  analogous  to  that  of  nitrobenzene  [8],  that  is,  absorption  in  them  is  determined  chiefly 
by  the  same  electron  transfers  as  in  the  latter,  and  the  shoulders  are  connected  with  p  -►tt*  (orir  )  transfers 
localized  in  the  nitro  group,  while  the  bands  are  caused  not  by  transfers  Aig-*B2n  in  the  ring  [3,  5],  but  by  transfers 
of  the  charge  from  the  ting  to  the  nitro  group  [1,  9,  10].  Evidence  for  this  comes  from  the  similar  character  of  the 
change  in  absorption  curves  of  these  compounds  in  nitrobenzene  with  change  in  the  medium.  Thus,  in  the  presence 
of  alkali  there  occurs  in  nitrobenzoic  acid  not  a  shift  to  the  short  wave  as  is  found  for  bands  connected  with  transfers 
characteristic  of  participation  in  them  of  electrons  of  the  carboxyl  group  [3,  11],  but  a  shift  toward  the  long  waves, 
and  the  bands  have  maxima  (X  270-273  my ,  Ig  e  3.96-4.16)  close  to  those  for  band  B  of  nitrobenzene  in  water  so¬ 
lution  (267  my  ,  Ig  c  3.91)  [7]. 

As  in  nitrobenzene,  in  concentrated  sulfuric  acid  the  edge  of  the  long  wave  shoulder  of  the  absorption  curve 
of  the  nitrobenzoic  acids  and  their  esters  remains  at  the  same  wavelength  as  in  dioxane,  but  the  bands  are  shifted 
markedly  to  the  long  wave  side  (Table  2),  and  in  some  of  them  (the  meta -nitrobenzoic  acid)  they  occupy  almost 
the  same  position (X  283  my  and  Ig  e  3.87)  as  in  nitrobenzene  (286  my,  Ig  c  4.02).  The  appearance  on  the  absorp¬ 
tion  curves  of  the  nitrobenzoic  acids  and  their  esters  of  the  bands  of  nitrobenzene  occurs,  however,  only  in  those 
regions  of  the  spectrum  where  the  molecules  absorb  more  intensely  than  the  molecules  of  benzoic  acid.  In  the 
short  wave  region  in  some  of  the  compounds  studied  there  appear  bands  of  transfer  of  a  charge  characteristic  for 
unsubstituted  benzoic  acid  (in  ethanol  at  227  my  and  Ig  c  4.04,  in  cyclohexane  at  230  my ,  Ig  c  4.13)  [4,  12], 


rig.  1.  Absorption  curves.  1)  o-Nitrobcn- 
zoic  acid  in  987o  sulfuric  acid,  2)  o-nitro- 
bcnzoic  acid  in  sulfuric  acid,  3)  ni¬ 
trobenzene  in  987o  sulfuric  acid,  4)  o-ni- 
trobenzoic  acid  in  2  N  alkali,  5)  o-nitro- 
bcnzoic  acid  in  dioxane. 
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Fig.  2.  Absorption  curves.  1)  m-Nitroben- 
zoic  acid  in  98'7o  sulfuric  acid,  2)  m-nitro- 
benzoic  acid  in  9.8'7»  sulfuric  acid,  3)  ni¬ 
trobenzene  in  98‘7o  sulfuric  acid,  4)  m-nl- 
trobcnzoic  acid  in  2  N  alkali,  5)  in-nitro- 
bcnzoic  acid  in  dioxane. 


Fig.  3.  Absorption  curves.  1)  p-Nitroben- 
zoic  acid  in  98‘7')  sulfuric  acid,  2)  p-nitro- 
benzoic  acid  in  9.8‘7<>  sulfuric  acid,  3)  p-ni- 
trobenzoic  acid  in  2  N  alkali,  4)  nitroben¬ 
zene  in  98‘7£>  sulfuric  acid,  5)  p-nitrobenzoic 
acid  in  dioxane. 
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Fig.  4.  Absorption  spectra  of  ethyl  o-nitro- 
benzoates.  1)  In  hexane,  2)  in  9870  sulfuric 
acid,  3)  in  butanol,  4)  nitrobenzene  in  9S7o 
sulfuric  acid. 
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TABLE  1 


Characteristics  of  Absorption  Curves  for  Compounds  of  the  Composition  NO^C6H4CCXDR 


1 

Long  wave 

Band  (shoulders) 

R 

Isomer 

Solvent 

shoulder 

Aig-»B 

2U 

^CgHsNQz  1 

^CgHjCOOR 

~\(m/i) 

X(mjj) 

Ig  c 

X  (m/i) 

Ig  € 

X(m/i) 

Benzene 

332 

2.60 

- 

- 

- 

— 

— 

— 

Dioxane 

330 

2.50 

- 

- 

-250 

3.60 

228 

4.02 

Ether 

327 

2.52 

- 

- 

- 

- 

226 

4.20 

H 

Butanol 

322 

2.70 

- 

- 

- 

- 

- 

- 

NaOH 

Concentrated 

-295 

3.6-4 

273 

3.96 

— 

H2SO4 

- 

- 

-296 

3.70 

274 

4.16 

- 

- 

V 

Dilute  112804 

342 

2.30 

— 

- 

265 

4.00 

- 

- 

r 

Benzene 

336 

2.30 

-  • 

- 

- 

- 

- 

- 

Dioxane 

346 

2.13 

- 

- 

254 

4.10 

- 

- 

Ether 

323 

2.3-4 

- 

- 

260 

4.27 

- 

- 

H 

m-<| 

Butanol 

322 

2.33 

- 

- 

255 

3.97 

- 

- 

NaOH 

Concentrated 

355 

2.20 

•• 

270 

3.97 

— 

— 

H2SO4 

352 

2.30 

- 

- 

283 

3.87 

231 

4.48 

V 

Dilute  II2SO4 

— 

— 

— 

— 

263 

4.10 

222 

4.68 

f 

Dioxane 

354 

2.25 

- 

- 

256 

4.62 

- 

- 

Ether 

360 

2.10 

- 

- 

265 

4.33 

- 

- 

Butanol 

338 

2.70 

- 

- 

253 

4.30 

- 

- 

11 

P-< 

NaOH 

Concentrated 

362 

2.30 

273 

4.16 

H2SO4 

360 

2.20 

- 

- 

260 

4.50 

- 

- 

Dilute  H2SO4 

336 

2.46 

-300 

3.30 

263 

4.46 

- 

/ 

( 

Hexane 

339 

2.07 

- 

- 

-242 

3.70 

— 

— 

Benzene 

310 

2.70 

- 

- 

- 

- 

- 

- 

oJ 

Dioxane 

320 

2.52 

- 

-254 

3.60 

- 

- 

C2H5 

Ether 

339 

2.22 

- 

- 

-255 

3.70 

- 

- 

Butanol 

Concentrated 

340 

2.25 

— 

-25-4 

3.60 

i 

— 

— 

L 

H2SO4 

— 

- 

- 

- 

273 

3.72 

- 

- 

r 

Hexane 

310 

2.00 

-280 

3.05 

251 

3.90 

- 

— 

Benzene 

332 

2.10 

- 

- 

- 

- 

- 

- 

mJ 

Dioxane 

328 

2.05 

- 

- 

-258 

3.70 

- 

- 

C2H5 

Ether 

330 

2.10 

- 

- 

255 

4.01 

- 

- 

Butanol 

Concentrated 

325 

2.08 

1 

-2-18 

3.80 

— 

— 

K 

H2SO4 

350 

2.08 

- 

1 

-260 

3.80 

- 

- 

( 

Hexane 

- 

- 

-290 

3.20 

255 

4.28 

— 

— 

Benzene 

346 

2.10 

- 

- 

- 

- 

- 

- 

p-^ 

Dioxane 

335 

2.30 

- 

- 

260 

4.01 

- 

— 

C2H5 

1 

Ether 

328 

2.60 

- 

- 

256 

4.48 

- 

- 

Butanol 

Concentrated 

345 

2.10 

— 

““ 

253 

4.08 

— 

— 

H2SO4 

— 

-315 

3.20 

267 

4.16 

- 

- 
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Fig.  5,  Absorption  spectra  of  ethyl  ni-nitro- 
benzoate.  1)  In  hexane,  2)  in  98‘7<>  sulfuric 
acui,  3)  in  butanol,  4)  nitrobenzene  in  GSto 
sulfuric  acid. 

TABLE  2 
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Fig.  6.  Absorption  spectra  of  ethyl  p-nitro- 
benzoate.  1)  In  hexane,  2)  in  98%  sulfuric 
acid,  3)  in  butanol,  4)  nitrobenzene  In  98% 
sulfuric  acid. 


Relation  of  tire  Characteristics  of  the  Bands  in  Disubstituted  Compounds  NO2C5H4COR 
in  Hexane  (dioxane  for  acids) 


n 

Isomer 

E 

max 
(in  cV) 

“  ^NO,.  COR 

*NO„  COR 

‘no, 

j 

"  ^hexane  (dioxane)  ■ 
*^'conc.H2S04 

[ 

0- 

~  4.90 

—  ^-0.03 

—  0.5 

—  +0.47 

on 

1 

m- 

4.81 

-0.06 

1.2 

4-0.49 

[ 

P- 

4.78 

-0.09 

4.0 

-j-0.08 

f 

0- 

~  5.nr> 

—  H-0.18 

—  0.5 

—  4-0.57 

0QII5 

1 

m- 

4.87 

0.00 

0.81 

-1-0.17 

ii 

P- 

4. SO 

-0.07 

1.9 

+0.32 

{ 

0- 

—  4.97 

— +0.10 

—  1.0 

—  -1-0.66 

n 

m- 

—  4.83 

- 0.04 

—  1.0 

—  +0.32 

1 

P- 

4,67 

-0.20 

3.1 

+0.29 

f 

0- 

—  .S.IO 

—  4-0.23 

—  0.75 

—  +0.66 

‘'”3 

m- 

—  4.90 

—  +0.03 

—  0.95 

— +0.43 

P- 

4.74 

-0.13 

2.5 

+0.49 

and  in  concentrated  sulfuric  acid  in  some  of  the  nitro  compounds  studied  the  bands  are  found  at  the  same  values 
of  wavelength  and  extinction  as  in  benzoic  acid  in  this  medium  (X  260  mu ,  Ig  c  4.19)  [4],  and  in  others  at  inter¬ 
mediate  values  for  this  acid  and  nitrobenzene.  Evidently  the  absorption  curves  of  these  disubstituted  compounds 
with  the  composition  ACeH4A’  consist  of  curves  superimposed  on  each  other  from  the  constituting  monosubstituted 
substances  CglfjA  andCgHsA*.  and  in  the  separate  parts  the  curves  of  the  compounds  predominate  which  absorb 
more  strongly  in  that  region. 

The  presence  of  a  carboxyl  or  carboxyethyl  group  also  produces  some  difference  in  the  position  of  the  band 
^^CGHsNOi  different  isomers.  As  Table  2  shows,  band  B  in  these  and  in  other  compounds  of  the  same  type  [1] 

is  shifted  toward  the  long  wave  side  in  the  isomers  with  increasing  intensity  in  the  order  p-  >  m-  >  o-.  Here  in 
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the  ortho  isomer  as  compared  to  the  position  in  the  unsubstituted  nitrobenzene  there  is  somewhat  of  a  shift  toward 
the  short  waves  with  a  marked  fall  in  intensity,  and  in  the  para  isomer,  on  the  contrary,  toward  the  long  waves  with 
a  sharp  increase  in  extinction  and  oscillation  strength;  in  the  meta  isomer,  as  a  rule,  it  occupies  almost  the  same 
position  as  in  tlie  nitrobenzene.  By  this  and  also  by  the  superposition  of  the  long  wave  edge  of  the  band  BcgHsCOR 
or  the  band  of  the  A^g  Bm  transfer  we  ean  explain  why  in  the  ortho  isomer  (and  sonietimcs  in  the  meta  isomer) 
the  band  BcgHjNO^  appears  only  in  the  form  of  a  shoulder.  The  decreased  extinction  of  band  B  of  the  ottJio  isomer 
in  this  type  of  compound  can  he  explained  by  the  steric  effect  which  draws  the  nitro  group  from  the  plane  of  the 
ring  [8,  13,  14].  As  the  data  of  Table  2  show  this  steric  effect  appears  not  only  in  the  decreased  extinction  [8,  14, 

15]  but  also  in  the  hypsochromic  shift  of  the  band.  As  evidence  for  the  presence  of  this  effect  we  also  find  it  to 
increase  in  going  from  the  acids  to  the  esters. 

It  also  follows  from  our  results  that  in  these  compounds  the  "indirect"  steric  effect  assumed  in  the  meta  isomer 
[16]  is  actually  absent;  the  idea  of  such  an  effect  was  evidently  suggested  by  the  unjustified  comparison  of  the  in¬ 
tensity  of  band  B  not  with  such  niirobenzcnes,  but  with  the  corresponding  para  isomers,  and  with  data  for  ethanol 
(where  specific  effects  of  the  solvent  can  be  superimposed)  and  not  for  hydrocarbon  solvents. 

Some  shift  of  band  B  of  the  para  Isomer  toward  the  longer  waves  (Table  2)  cannot  be  explained  only  by  a 
difference  in  inductive  effect  of  the  functional  groups  in  the  ground  and  excited  states,  since  in  this  case  we  would 
expect  a  greater  bathochromic  shift  in  the  meta  isomer  than  in  the  para  isomer.  Competing  groups  as  centers  of 
negative  charge  in  the  excited  state  [14, 17]  not  only  cannot  explain  the  difference  in  behavior  of  the  para  and 
meta  isomers  in  this  type  of  compound  but  also  such  a  great  increase  in  intensity  and  oscillation  strength  of  this 
band  of  the  para  isomer.  There  remains  only  the  suggestion  that  in  the  excited  state  the  less  active  group  (in  this 
case  COR)  changes  its  usual  effect  which  it  has  in  the  ground  state  and  becomes  an  electron  donor  group,  shifting 
to  some  extent  its  ti  -electron  in  the  ring  [18J,which  will  permit  not  only  tlie  observed  shift  of  the  band,  but  also 
the  great  increase  in  excitation  of  the  dipole  moment  of  the  molecule  and  hence  the  intensity  of  absorption. 

SUMMARY 

1.  On  the  basis  of  results  of  measurement  of  absorption  of  o-,  m-,  and  p-nitrobenzoic  acids  and  ethyl  ben¬ 
zoates  in  seven  different  solvents  it  is  shown  that  the  absorption  curves  of  compounds  with  the  composition  ACgH4A 
(where  A  is  an  electron  accepting  group)  consist  of  the  curves  of  the  corresponding  monosubstituted  derivatives  su¬ 
perimposed  on  each  other  with  predominance  in  different  parts  of  the  curve  of  the  compound  which  absorbs  more 
actively  in  that  portion. 

2.  In  the  excited  state,  the  less  active  group  of  this  type  of  compound  can  change  its  electrical  effect  by 
shifting  electrons  and  from  an  electron  acceptor  become  an  electron  donor. 

3.  The  steric  effect  in  the  ortho  isomer  of  the  disubstituted  compound  ACeU4A  causes  not  only  a  lessening 
of  intensity  of  band  B,  but  also  shifts  it  toward  the  short  waves. 
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There  are  described  in  the  literature  only  a  few  examples  of  basic  esters  of  diphenylcyclobutane  dicarboxylic 
acids.  These  include  the  a-  and  6 -truxilline-like  alkaloids  of  the  cocaine  group,  which  are  tropine  esters  of  a- 
truxillic  and  6-truxillic  acids  [IJ;  there  is  also  information  [2jon  the  interesting  pharmacological  properties  of  the 
alkaloid  thesinc,  the  di-d-isorctronecanol  ester  of  p,  p’-dihydroxy-  a-truxillic  acid  [3J. 

Derivatives  of  the  stereoisomeric  1 ,3-diphenylcyclobutane-2,4-dicarboxylic  acids  can  serve  as  suitable  objects 
for  studying  sonic  questions  of  the  relation  of  biological  activity  to  spatial  factors.  In  the  present  communication 
we  describe  a  series  of  dialkylaminoalkanol esters  of  a-truxillic  acid  (I)  obtained  for  a  comparative  pharmacological 
study. 

’  Esters  of  (I)  were  obtained  by  reaction  of  four  moles  of  a.tu-dialkylaminoalkanols  HO(CH2)nNR’R"  (H)  with 
one  mole  of  a-truxillic  acid  dichloride  in  benzene  solution;  after  separation  of  the  precipitated  hydrochloride* 
the  basic  ester  remained  as  a  thick  mass  which  could  not  in  all  cases  be  induced  to  crystallize.  The  esters  (I)  were 
characterized  by  conversion  tothe  dimethiodides**  and  in  some  cases  to  the  dihydrochlorides.  The  typical  experi¬ 
mental  conditions  are  given  in  the  experimental  part  for  (I)  (n  =  4,  R*  and  R"  =  (0112)5;  properties  and  results 
of  analysis  of  the  compounds  obtained  are  given  in  the  Table. 

For  comparative  study  of  the  pharmacological  action  of  the  reesterification  of  dimethyl  esters  of  cis-1,3- 
cyclobutane  dicarboxylic  acid  with  6 -dimethylaminoethanol  we  obtained  the  di-6 -Simethylaminoethyl  ester  of 
cis-1 ,3-cyclobutane  dicarboxylic  acid. 

Pharmacological  study  of  the  synthesized  preparations*  •  •  showed  that  some  of  the  dimethiodides  had  high 
curare-like  activity  with  short  duration  of  action:  the  most  interesting  from  this  point  of  view  was  the  compound 
with  n  =  4. 


EXPERIMENTAL 

Di-4 -N-piperidylbutanol  ester  of  a-truxillic  acid.  To  a  solution  of  9.6  g  of  4-N-piperidylbutanol  in  50  ml 
of  benzene  cooled  to  0"  was  added  dropwise  a  solution  of  5.2  g  of  a-truxillic  acid  dichloride  in  50  ml  of  benzene, 
after  which  the  reaction  mixture  was  heated  for  four  hours  vath  boiling  of  the  benzene.  After  cooling,  the  4-N- 
piperidylbutanol  hydrochloride  which  precipitated  was  filtered  off  and  washed  with  benzene.  The  benzene  was 
•  In  the  case  of  (II)  (n  =  2,  R’  =  R"  =  CH3)  the  hydrochloride  of  ester  (I)  (n  =  2,  R'  =  R"  =  CH3)  precipitated  from 
the  reaction  mixture. 

•  •  The  dimethiodides  of  esters  which  contained  the  heptanol  chain  with  n  =  7  were  very  slightly  soluble  in  water 
and  organic  solvents. 

•  •  •  Carried  out  by  D.  A.  Kharkevich  and  L.  A.  Kravchuk  in  the  laboratory  of  a  separate  pharmacological  institute. 
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Dialkylaminoaikyl  Esters  of  a-Truxillic  Acid 
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The  substance  was  isolated  as  the  dihydrochloride,  m.p.  149*.  Found  '^cr.  Cl  11.26,  C34H5oO^N2  •  2HC1.  Calculated  Cl  11.39. 
'Found  %  C  54.44;  H  7.78.  C^jHqO^N:  •  2CK3I.  Calculated  %  C  54.90,  H  7.42. 

'Found  %  C  56.00;  H  7.41.  C^aHaO^N,  •  2CH3L  Calculated  %  C  56.04,  H  7.22. 


distilled  from  the  combined  filtrates  in  a  vacuum  and  the  residue  was  dissolved  in  1  N  hydrochloric  acid,  extracted 
with  ether,  the  water  layer  was  made  alkaline  with  a  concentrated  solution  of  ammonia,  and  the  precipitated  base 
was  extracted  with  ether.  After  removal  of  the  ether  we  obtained  7  of  an  oily  yellow  residue  which  cry¬ 

stallized  only  after  long  standing:  m.p.  56-57*. 

Dimethiodide.  A  solution  of  2  g  of  base  and  4  g  of  methyl  iodide  in  20  ml  of  methanol  was  heated  to  boil¬ 
ing  for  two  hours  and  the  crystals  which  separated  on  cooling  were  recrystallized  from  methanol.  Yield  2  g,  m.p. 
228*.  The  substance  was  difficultly  soluble  in  water  and  methanol. 

Di-6 -diethylaminocthyl  ester  of  cis-1 ,3-cyclobutanedicarboxy^ic  acid.  To  12  g  of  6 -diethylaminoethanol 
was  added  about  0.1  g  of  metallic  sodium  and  after  solution  of  the  latter  we  added  6  g  of  the  dimethyl  ester  of  cis- 
1,3-cyclobuiane  dicarboxylic  acid  [4J.  The  mixture  was  heated  for  five  hours  on  a  boiling  water  bath  with  a  reflux 
condenser  at  a  residual  pressure  of  40-60  mm,  the  excess  diethylaminoethanol  was  distilled  off  in  a  vacuum,  the 
residue  was  mixed  with  20  ml  of  water,  hydrochloric  acid  was  added  to  an  acid  reaction,  and  it  was  extracted  with 
ether.  The  aqueous  solution  was  made  alkaline  with  sodium  hydroxide  and  extracted  with  ether;  the  residue  after 
removal  of  the  solvent  was  distilled  in  a  vacuum.  We  obtained  6.8  g  of  a  substance  with  b.p.  173-176*  (3  mm), 
nD*°  1.4601. 

Found  %:  C  62.82,  62. W;  H  10.32,  10.20;  N  8.11,  8*01.  Ci8Hii04N2.  Calculated  *70;  C  63.18;  H  9.94;  N  8.18. 

Dimethiodide.  A  mixture  of  2  g  of  the  base,  3  g  of  methyl  iodide,  and  10  ml  of  methanol  was  heated  two 
hours  under  reflux.  The  residue  after  distillation  of  the  methanol  was  dissolved  in  water,  extracted  with  ether,  and 
the  water  layer  was  evaporated  in  a  vacuum.  We  obtained  3.6  g  of  a  glassy,  noncrystalline  mass,  easily  soluble  in 
water  and  alcohol,  difficultly  soluble  in  ether  and  acetone. 

Found  'lo:  1  39.87.  'SCHsI.  Calculated  lo:  I  40.56. 

SUMMARY 

We  have  obtained  a  series  of  dialkylaminoalkyl  esters  of  a-truxillic  acid  for  comparative  pharmacological 

study. 
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In  our  previous  communications  [1,  2]  we  described  a  process  of  obtaining  B -arylaminokctones  by  conden¬ 
sation  of  Schiff  bases  with  alkylaromatic  ketones  in  the  presence  of  amine  hydrochlorides  as  catalysts,  salts  which 
entered  the  composition  of  the  bases:  the  alkylaromatic  ketones  added  to  the  Schiff  bases  at  the  azomethine  bond 
which,  as  is  known,  tends  to  be  polarized. 

RCcH4N=.CnC6H5  RCoI^NH-CH-Cells 

CII2COC0II5  (1) 

It  was  then  noticed  that  the  8 -arylamlno-B -phenylproplophenones  which  we  synthesized.  In  an  acid  medium 
easily  split  into  the  primary  amine  and  chalcone.  At  the  same  time  a  method  was  described  in  the  literature  for 
obtaining  B -arylaminokctones  by  condensation  of  primary  aromatic  amines  with  chalcones  in  an  alkaline  medium 
[3J. 

In  the  present  work  we  decided  to  study  tills  reaction  in  the  presence  of  our  suggested  acid  catalysts.  In  this 
reaction  v/e  used  aniline,  m-  and  p-toluidine,  p-anisidine,  in-  and  p-nitroaniline,  and  2-napbthylamine,and  for 
the  chalcones:  benzalacetophenone;  the  catalyst  was  the  hydrochloride  of  the  amines  used.  As  the  final  product 
of  the  reaction  we  obtained  the  corresponding  B -arylaminokctones;  hence  the  aromatic  amines  add  to  the  chalcone 
at  the  double  bond. 

R  c  0  H  4  N  H  2  RC8H4Nii-c.n-Ccn5  (ir 

I  I 

cnoCOCoHs 

In  the  final  account,  in  both  methods  for  the  synthesis  of  8 -arylaminokctones  the  starting  products  are  the 
same,  the  primary  aromatic  amine,  aromatic  aldehyde,  and  alkylaromatic  ketone,  but  they  enter  the  reaction  in 
a  different  order.  Thus,  in  the  first  method  the  primary  aromatic  amine  first  reacts  with  the  aromatic  aldehyde  and 
the  resulting  Schiff  base  reacts  with  the  ketone,  bi  the  second  method  the  aromatic  aldehyde  first  reacts  with  the 
ketone,  and  the  resulting  chalcone  reacts  with  the  primary  aromatic  amine.  Hence,  the  Schiff  base  and  the  chal¬ 
cone  are  intermediate  products  in  the  synthesis  of  B  -arylaminokctones. 

However,  it  is  known  from  the  literature  that  both  chalcones  [4J  and  Schiff  bases  [5J  undergo  hydrolytic  split¬ 
ting.  Hence,  the  question  naturally  arises,  are  the  above  reactions  (l),(II)  independent,  or  does  the  synthesis  of 
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Starting  amine 

Synthesized  8  -aminoketone 

M.p. 

Yield, % 

aniline 

8  -(anilino)-8  -phenylpropiophenone 

170* 

52.4 

p-toluidine 

6  -(p-toIuidino)-6  -phenylpropiophenone 

171 

42.2 

m-toluidine 

8  -(m-toluidino)-8  -phenylpropiophenone 

134 

44 

p-anisidine 

8  -( p-anisidino)-8  -phenylpropiophenone 

148 

41 

m-nitroaniline 

8  -(m-nitroanilino)-8  -phenylpropiophenone 

145 

27 

p-nitroanilinc 

2- Naphthyl- 

8  -(p-nitroanilino)-8  -phenylpropiophenone 

184 

34 

amine 

8  -(2-naphthylamino)-8  -phenylpropiophenone 

199 

55 

6 -arylaniinoketones  proceed  by  one  mechanism.  In  the  first  case  we  would  expect  that  the  Schiff  base  added  to 
the  reaction  would  be  first  hydrolyzed  and  the  resulting  aromatic  aldehyde  would  react  with  the  ketone,  giving  the 
chalcone,  which  would  react  with  the  primary  amine  (III). 

ArN=CIlH  — ^  ArNH2+  RCHO 

nr.M=rtir:nn>  ArNil-Cii-R  ^  ^ 

-HiO  I 

ClIaCOR' 

In  the  second  case  we  could  have  hydrolysis  of  the  chalcone  to  ketone  and  aromatic  aldehyde;  the  latter, 
reacting  with  the  aromatic  amine,  would  form  the  Schiff  base,  which  with  the  ketone  would  give  the  6-arylamlno- 
ketone. 

To  settle  this  question  of  whether  under  our  conditions  there  was  hydrolysis  of  the  Schiff  base  or  the  chalcone 
In  the  starting  product,  we  heated  the  chalcone  in  aqueous  alcohol  with  aniline  hydrochloride  and  showed  that  the 
chalcone  remained  unchanged  and  so  reaction  (II)  had  independent  significance.  Experiments  on  condensation  of 
Schiff  bases  with  acetophenone  and  salts  of  aromatic  amines  in  dry  benzene  led  to  the  synthesis  of  6-arylamino- 
ketones;  this  shows  that  reaction  (I)  can  have  independent  significance. 

We  have  established  that  reactions  (I  and  II)  are  also  determined  by  the  properties  of  the  Schiff  base  and 
chalcone;  thus,  in  experiments  on  condensation  of  m-  and  p-nitrobenzalaniline  with  acetophenone  in  alcohol  solu¬ 
tion  in  the  presence  of  aniline  hydrochloride  the  chief  reaction  product  was  the  m-  or  p-nitrochalcone.  Hence,  in 
the  condensation  of  a  Schiff  base  with  an  alkylaromatic  ketone  in  aqueous  alcohol  in  the  presence  of  an  acid  catalyst 
the  possibility  is  not  excluded  that  tlicre  is  hydrolysis  of  the  Schiff  base  and  formation  of  the  chalcone. 

We  have  also  established  that  the  direction  of  reaction  (II)  is  also  determined  by  the  properties  of  the  chalcone. 
Thus,  attempts  to  introduce  m-  and  p-nitrochalcones  into  reaction  with  aniline  and  m-  and  p-toluidine  did  not 
succeed.  Hence,  the  greater  the  ability  of  the  Schiff  base  to  be  hydrolyzed,  the  greater  the  affinity  of  the  amine 
for  the  chalcone,  the  greater  will  be  the  probability  that  the  first  process  of  synthesis  of  the  6 -arylaminoketones 
will  occur  by  mechanism  (III). 


EXPERIMENTAL 

Method  of  synthesis  of  8 -arylaminoketones.  The  reaction  mass  from  the  primary  aromatic  amine  (0.02  g 
mole),  chalcone  (0.02  g-molc),  5-10  ml  of  alcohol,  and  1  g  of  hydrochloride  of  the  amine  used  was  heated  in  a 
sealed  glass  tube  for  0. 5-1.0  hour  on  a  boiling  water  bath.  The  tube  was  cooled  in  the  refrigerator,  the  crystals 
were  separated,  treated  with  aqueous  ammonia  to  an  alkaline  reaction,  and  crystallized  from  alcohol  or  benzene. 
The  resulting  6 -arylaminoketones  are  shown  in  the  Table. 

The  structures  of  the  substances  obtained  were  shown  by  mixed  melting  points  with  their  corresponding  com¬ 
mercial  known  8 -arylaminoketones,  they  showed  no  depression  of  the  melting  point.  If  under  the  same  conditions 
in  the  reaction  with  aniline,  m-,  or  p-toliiidines,  we  used  m-  and  p-nitrochalconcs,  formation  of  the  correspond¬ 
ing  8 -arylaminoketones  did  not  occur;  the  starting  substances  remained  unchanged. 


2728 


V/e  showed  in  a  special  experiment  that  in  the  reaction  of  benzalanilinc  v/ith  acetophenone  in  dry  benzene 
we  obtained  B -anillno-S -phenylpropiophenone  with  m.p.  112*  in  a  yield  of  46'7o. 

SUMMARY 

1.  V/e  have  studied  the  reaction  of  catalytic  condensation  of  primary  aromatic  amines  with  benzalacetophenone, 
as  a  result  of  whicli  we  obtained  the  corresponding  6 -arylamino-B -phenylpropiophenoncs. 

2.  We  have  discussed  the  mechanism  of  the  reaction  of  synthesis  of  3 -arylamino-3 -phenylproplophenone* 
starting  from  the  Schiff  bases  and  ketones  and  from  primary  aromatic  amines  and  chalcones. 
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The  question  of  the  reasons  for  the  unusual  ease  (for  aromatic  compounds)  of  the  replacement  of  halogen 
atoms  in  o-halogeno-o’-hydroxyazo  compounds  in  the  presence  of  copper  salts  pi-5]  still  remains  unsettled.  Since 
we  have  established  that  the  replacement  of  halogen  occurs  with  the  same  ease  in  the  absence  of  free  Cu  salts  [6] 

In  copper  complexes  of  o-halogeno-o'-hydroxyazo  compounds,  we  have  suggested  [7]  that  the  weakening  of  the 
bond  of  the  halogen  atom  with  the  carbon  of  the  aromatic  ring  is  due  to  the  occurrence  in  complex  formation  of 
a  positive  charge  on  the  nitrogen  atom  of  the  azo  group  which  is  located  in  the  ortho  position  to  the  halogen  atom  (I). 


This  suggestion  .however,  fails  when  it  is  found  that  on  the  one  hand,  the  halogen  atoms  in  p-halogeno-o*-hydtoxy- 
azo  compounds  arc  not  substituted  under  analogous  conditions  [8]  although  they  are  submitted  to  practically  the 
same  effects  from  the  positively  charged  nitrogen  atom  of  the  azo  group,  and  on  the  other,  that  the  halogen  atoms 
in  pcri-halogen-o’-hydroxyazo  compounds  and  their  copper  complexes  (II)  have  almost  the  same  mobility  as  in 
the  o-halogeno-o’-hydroxyazo  compounds;  here  the  effect  of  the  nitrogen  charge  on  the  bond  of  halogen  with 
carbon  in  the  peri  position  cannot  occur  [7,  9J. 

The  assumption  remains  that  the  reason  for  the  weakening  of  the  halogen-carbon  bond  in  the  aromatic  ring 
in  compounds  of  this  type  is  some  sort  of  reaction  between  these  and  the  metal  atom  in  the  intermediate  forma¬ 
tion  of  the  complex  (III). 


(Ill) 
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At  the  present  time  we  do  not  have  the  data  for  judging  the  nature  of  this  reaction.  It  is  not  impossible  that 
this  is  the  ordinary  coordination  bond  formed  because  of  one  of  the  unshared  electron  pairs  of  the  halogen  atom. 

It  is  necessacy  to  note  that  such  a  reaction  of  halogen  with  the  metal  atom  is  possible  from  steric  considerations 
only  under  conditions  of  formation  of  a  five-membered  ring  (III)  and  not  a  slx-mcmbered  one  (I,  II),  that  Is,  with 
paiticipation  in  die  complex  formation  of  a  nitrogen  atom  of  the  azo  group  connected  with  the  aromatic  nucleus 
v/hicli  carries  the  hydroxy  group,  but  not  the  halogen  atom. 

If  i!ic  suggestion  of  reaction  in  the  complex  of  an  atom  of  copper  with  an  atom  of  halogen  as  the  reason  for 
the  mobility  of  the  latter  is  correct,  then  we  should  expect  that  when  two  atoms  of  halogen  arc  present  in  the  ortho 
position  to  the  nitro  group,  in  o,  o-dilialogrno-o'-hydroxyazo  compounds,  their  substitution  should  occur  more 
easily  than  the  single  halogen  atom  in  o-halogeno-u'-hydroxyazo  compounds.  In  fact.  In  the  first  case, at  any 
rotation  of  the  aromatic  ring  around  the  C-N  bond  one  of  the  halogen  atoms  is  found  in  the  complex  close  to  the 
copper  atom  (IV),  while  in  the  second  case,  besides  complex  (III),  complex  (V)  can  also  form  with  an  unfavorable 
arrangement  of  the  halogen  atoms. 


Cl 

J  _ 

_/  I  \ - 

(!i  i  1 

0 — Cu-0  Cl 

_._l  I  I _ 

'  \-N=N— 


Cl 


O — Cu— O 

— \  ^  X- 
\_N=N— / 


GI 


:i 


(IV> 


(V) 


Since  rotation  around  the  C-N  bond  in  this  case  Is  difficult  due  to  reaction  of  the  unshared  electron  pair  of 
the  nitrogen  atom  with  the  ;r  -electrons  of  the  aromatic  ring,  transformation  of  form  (V)  into  form  (III)  requires 
the  expenditure  of  energy.  At  the  same  time,  replacement  of  the  chloride  atom  in  complex  (IV)  by  groups  which 
have  a  considerable  size  causes  spatial  difficulties  which  cause  rotation  around  the  C-N  bond,  evidently  'without 
further  expenditure  of  energy;  as  a  result  the  remaining  halogen  atom  approaches  the  copper  atom  and  by  reacting 
with  it  acquires  the  ability  to  be  replaced. 

Actually  wc  have  shown  [lOj  that  In  the  reaction  of  2,6-dichlorobenzene(l-azo-l’)-2’-naphihol  [azo  dye 
(VI)  from  2,6-dichloroaniline  and  2-naphthol]  with  sodium  n-butylate  and  4-phenylphcnolate  in  the  presence  of 
copper  acetate  there  occurs  quantitative  replacement  of  both  chlorine  atoms  by  the  corresponding  alkoxy  or  ary- 
loxy  groups  and  this  reaction  occurs  considerably  more  easily  than  in  the  replacement  of  a  single  atom  of  chlorine 
in  2-chiorobenzene(l-azo-l’)-2’-naphthol  (the  dye  from  2-chloroaniline  and  2-naphthol).  In  particular,  in  the 
reaction  of  the  dye  from  2,6-dichIoro3ni!ine  with  sodium  n-butylate  the  replacement  of  both  chlorine  atoms  occurs 
quantitatively  in  30  minutes  at  100"  while  in  the  dye  from  2-chloroaniline  the  quantitative  replacement  of  one 
atom  of*chlorine  under  the  same  conditions  takes  two  hours. 

Continuing  work  in  this  direction,  we  have  studied  the  reaction  of  2,6-dichlorobcnzene(l-azo-l’)-2'-naph- 
thol  (VI)  with  sodium  2-phenylphcnolate  and  of  2,4,6-trichlorobcnzene(l-azo-l’)-2’-naphthol  [dye  (VII),  from 
2,4 ,6-trichloroaniline  and  2-naphihol]  with  sodium  n-butylate,  in  both  cases  in  the  presence  of  copper  acetate. 

In  the  first  case  with  heating  for  four  hours  at  100*  both  atoms  of  chlorine  are  quantitatively  replaced  by  the  2- 
phcnylphenoxy  group. 
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In  tJie  second  case  with  heating  30  minutes  at  50*  about  63^70  of  the  chlorine  contained  in  the  starting  ttichloro- 
azo  compound  is  split  out, which  corresponds  to  an  almost  quantitative  (about  95.57o)  replacement  of  two  chlorine 
atoms.  Increase  in  reaction  time  to  2  hours  did  not  cause  an  increased  amount  of  splitting  of  chlorine.  We  isolated 
from  the  reaction  mass  in  a  yield  of  about  94‘7o  a  reaction  product  which  contained,  according  to  the  results  of  ele¬ 
mentary  analysis  one  atom  of  chlorine  and  two  butoxy  groups.  We  did  not  make  a  special  study  of  the  position  of 
the  chlorine  atom;  however,  considering  on  the  one  hand  the  ease  of  replacing  the  halogen  atoms  in  such  com¬ 
pounds  in  the  ortho  position  to  the  azo  group  [lOJ,  and  on  the  other  the  absence  of  replacement  of  halogens  in  the 
para  position  to  the  azo  group  [8J,  we  consider  that  the  compound  which  we  have  obtained  is  4-chloro-2,6-dibu- 
toxybenzene(l-azo-l')-2’-naphthol  (VIII),  that  is,  the  reaction  occurs  according  to  the  scheme: 


Cl 

Cl-^  |\-N=N 


ll 


(VII) 


OC4H9  on 
I  ?  \ 

OC4H9  \ _ / 

(VIII) 


Further  confirmation  of  the  role  of  spatial  approach  of  halogen  atoms  to  the  metal  atom  of  the  complex- 
former  is  seen  in  experiments  on  the  reaction  of  3,5-dichlorophenol(2-azo-l')-2'-naphthol  [azo  dye  (IX)  from 
3,5-dichloro-2-aminophenol  and  2-naphthol]  with  sodium  n-butylate  in  the  presence  of  copper  acetate. 
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In  this  case  the  chlorine  atom  in  the  ortho  position  to  the  azo  group, as  in  complex  (XI), can  react  with  the  copper 
atom  and  gain  a  high  mobility;  in  the  case  of  formation  of  complex  (X)  the  chlorine  is  spatially  disconnected  from 
the  copper  atom  and  should  not  be  replaced  by  the  butoxy  group  under  mild  conditions.  It  was  shown  that  when 
heated  eight  hours  at  100*,  only  25'7o  of  the  chlorine  was  split  off  of  the  amount  present  in  the  original  dichloroazo 
compound.  Increase  in  the  period  of  heating  to  20  hours  did  not  change  the  result.  Since  the  chlorine  in  the  para 
position  to  the  azo  group  does  not  react  under  these  conditions  [8J,  we  must  consider  that  this  corresponds  to  the 
probability  of  formation  of  complex  (XI). 

As  would  be  expected,  6-chlorophenol(2-azo-l ’)-2'-naphthol  [azo  dye  (XH),  from  6-chloro-2-aminophenol 
and  2-naphthol  ]  in  the  complex  (XIII),  whose  chlorine  atom  because  of  the  great  distance  cannot  react  with  the 
copper,  remains  unchanged  when  heated  with  sodium  n-butylate  in  the  presence  of  copper  acetate  for  eight  hours 
at  100*. 


Cl  OH  OH 

I  I  I 


(XII) 


Cl  0 - Cu— O 
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EXPERIMENTAL 

Reartion  of  2,6-dichlorobenzene(l -azo-1  •)-2*-n3phthol  (VI)  with  sodium  2-p!ienylphenolate.  To  a  solution 
of  so  limn  2'phcii)dpIienolate  obtained  by  reaction  of  0.51  g  (0.003  g-inole)  of  2-hydroxybiphenyl  with  0.046  g 
(0.002  g-atoin)  of  sodium  in  15  ml  of  dio.xane  at  100*  was  added  a  mixture  of  a  solution  of  0.16  g  (0.0005  g-mole) 
of  2,G-dichlorobcnzcnc(l -azo-r)-2'-napluhol  (m.p.  140-141*  t^OJ)  in  5  ml  of  dioxanc  and  0.05  g  (0.00025  g-mole) 
of  copper  acetate  in  10  ml  of  dioxane.  The  mass  was  heated  with  stirring  for  four  hours  at  100*  after  which  20  ml 
of  loTo  sulfuric  acid  was  added.  The  tarry  precipitate  was  filtered  off  and  washed  with  dlnilled  water.  The  fil¬ 
trate  and  wash  water  were  transferred  to  a  ealibrated  flask,  capacity  500  ml,  and  titrated  potentiometrically  (with 
silver  and  calomel  electrodes,  P-4  potentiometer)  to  determine  the  chlorine  content.  In  the  titration  of  two  10  ml 
samples  we  used  on  the  average  2.005  ml  of  0.01  N  solution  of  silver  nitiate,  v.bich  corresponded  to  the  presence 
in  the  reaction  n:ass  of  100.257oof  tlic  chlorine  contained  in  the  starting  dichloroazo  compound. 

The  precipitate  was  heated  with  l^o  sodium  hydroxide  solution  to  remove  the  e-xcess  2-hydroxybiphenyl,  fil- 
tetcsl,  washed  with  water  to  a  neutral  reaction  on  brilliant  yellow  paper,  and  dried.  Yield  0.31  g.  A  thick,  viscous 
red  mass.  After  standing  two  months,  the  mass  crystallized;  it  was  ground  to  a  powder  and  recrystallized  from  a 
mixture  of  benzene  and  methyl  alcohol  (1 : 1).  Yield  0.29  g(1007o).  Dark-red  plates,  m.p.  131-133.5*;  chlorine 
absent  (Dcilstcin  test).  2,6-Di(2"-phenylphcnoxy)bcnzenc(l-azo-l’)-2'-n3phthol  was  easily  soluble  in  benzene, 
toluene,  dioxane,  less  so  in  acetone,  poorly  in  methyl  and  ethyl  alcohols. 

Found  '■’k  C  82.35,  82.24;  H  5.04,  5.06;  N  5.05;  5.03.  C4on2g03N2.  Calculated  %  C  82.17;  H  4.83;  N  4.79. 

Reaction  of  2,4,6-trichlorobenzenc(l-azo-l’ )-2'-naphthol  (VII)  with  sodium  n-butylate.  A  mixture  of  so¬ 
lutions  of  6.88  g  (0.0025  g-inole)  of  2,4,6-trichloro(l-azo-l')-2'-naphthol  (m.p.  151.5-151.8*  from  a  mixture  of 
benzene  with  ethyl  alcohol  [11])  in  50  ml  of  toluene  and  0.25  g  (0.00125  g-mole)  of  copper  acetate  In  40  ml  of 
n -butyl  alcohol  was  added  to  a  solution  of  sodium  n-butylate  heated  to  50*  (the  butylate  was  prepared  from  0.34  g 
(0,015  g-atom  sodium  with  10  ml  of  n-butyl  alcohol)  and  the  resulting  mass  was  heated  with  stirring  at  50*.  After 
a  definite  time  interval  a  10  ml  sample  was  taken  and  acidified  with  5  ml  of  10'7o  sulfuric  acid  and  washed  with 
distilled  water.  The  wash  water  was  collected  in  a  calibrated  flask,  capacity  50  ml,  and  the  sample  was  titrated 
potentiometrically  in  5  ml  samples  to  determine  the  chlorine  content  in  the  reaction  mass.  Calculation  of  the 

content  in  the  original  trichloroazo  compound.  Results  are 

After  keeping  for  two  hours  the  reaction  mass  was 
acidified  with  30  ml  of  107o  sulfuric  acid,  stirred  30  minutes, 
and  washed  free  of  acid  with  water.  Toluene  and  butyl  al¬ 
cohol  were  distilled  off  In  a  vacuum  to  a  final  volume  of 
about  3  ml.  When  the  residue  stood  for  two  hours  at  0*  a 
precipitate  came  dov/n  which  was  filtered  off,  washed  with 
methyl  alcohol,  and  dried.  Weight  0.83  g;  after  tccrystalll- 
zation  from  a  mixture  of  methyl  alcohol  and  benzene(2;  1), 
fine  needles  with  a  cherry  color,  m.p.  92.7-93.5*.  Easily 
soluble  in  benzene  and  toluene,  poorly  so  in  methyl  and 
ethyl  alcohols. 

Pound  "k  C  67.65,  67.81;  11  6.59,  6.60;  N  6.70;  6.81.  CjsHjtOjNjCI.  Calculated  ‘7<i:  C  67.51;  H  6.37;  N  6.56. 

The  filtrate  after  separation  of  the  main  precipitate  was  evaporated  almost  dry.  We  obtained  0.31  g  of  a 
tarry  precipitate  from  which  by  crystallization  from  benzene  we  isolated  0.12  g  of  a  substance  which  gave  no  melt¬ 
ing  point  depression  with  the  main  product  (m.p.  92.7-93.5").  Thus,  in  all  w’e  obtained  1.0  g  (9-1. S'?")  of  4-chloro- 
2,6-dibutoxybenz,enc(l-azo-l')-2'-naphthol  (VIII). 

Reaction  of  3,5-clichloroplicnol(2-azo-l*)-2*-naphthol  (IX)  with  sodium  n-buiylate.  To  a  solution  of  sodium 
n-butylatc  obtained  from  0.08  g  (0.003  g-atoni)  and  5  ml  of  n-bulyl  alcohol  we  added  a  mixture  of  solutions 
of  0.33  g(0.001  g-mole)  of  3,5-dichloro(2-azo-l*)-2'-naphthol  (ni.p.  218-218.5*  from  a  mixture  of  benzene  with 
alcohol,  5: 1,  see  [12])  in  20  ml  of  toluene  and  0.1  g  (0.0005  g-molc)  of  copper  acetate  in  15  ml  of  n-butyl  alcohol. 
The  mass  was  heated  with  stirring  for  definite  time  intervals  at  100*,  after  which  it  was  acidified  with  20  ml  of  10*^ 
sulfuric  acid  and  washed  with  distilled  water.  The  wash  water  was  collected  in  a  calibrated  flask,  capacity  200  ml, 
and  10  ml  samples  were  submitted  to  potentiometric  titration  with  0,01  N  silver  nitrate  solution.  Calculation  of 


amount  of  chlorine  was  carried  out  with  respect  to  the 
given  in  Tabic  1. 


TABLE  1 


* 

Kept  at  50* 

( in  hours) 

No.  ml  of  0.01  N 
silver  nitrate  (av. 
of  2  samples) 

Chlorine  content 

in  reaction 
mass,  '^0 

0.5 

4.76 

63.5 

1.0 

4.72 

62.9 

2.0 

4.77 

63.6 
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TABLE  2  the  amount  of  chloride  was  carried  out  with  respect  to 

the  chlorine  contained  in  the  starting  dichloroazo  com¬ 
pound  and  with  respect  to  one  atom  of  chlorine  in  this 
compound.  The  results  of  the  determinations  are  given 
in  Table  2. 

Obtaining  6-chlorophenol(2-azo-l')-2'-naphthol 
(XII).  6-Chloro-2-nittophcnor  was  obtained  by  nitration 
of  o-chlorophenol  [13J,  m.p.  69.5-70.5*  (cf.  [14 J).  We 
dissolved  9.65  g  of  6-chloro-2-nitrophenol  at  90’  in 
200  ml  of  water  and  5  ml  of  a  solution  of  40fo  sodium 
hydroxide.  To  the  solution  during  35  minutes  we  added 
32  g  of  sodium  hydrosulfite.  The  color  then  changed  from 
dark  red  to  light  yellow.  On  cooling,  a  precipitate  of 
white  scales  came  down.  Weight  1.82  g  (2370).  After 
recrystallization  from  dilute  methyl  alcohol  (2  ;1), 

m.p.  80.5-81.5’  (cf.  [15]).  We  dissolved  1.93  g  (0.0135  g-mole)  of  6-chloro-2-aminophenol  with  heat  in  30  ml 
of  10%  hydrochloric  acid,  the  solution  was  cooled  to  0*  and  treated  with  0.93  g  (0.0135  g-mole)  of  sodium  nitrite 
as  a  10%  solution.  The  resulting  diazo  solution  was  pouted  at  0*  into  a  solution  of  1.97  g  (0.0135  g-mole)  of 
2-naphthol  in  a  10%  solution  of  sodium  hydroxide  (0.54  g  NaOH).  For  the  coupling  we  added  soda  (about  1  g); 
the  medium  was  always  strongly  alkaline  to  Brilliant  Yellow  paper.  At  the  end  of  the  addition  of  diazo  solution 
the  mass  was  stirred  for  two  hours,  then  acidified  with  10%  hydrochloric  acid  and  the  dye  was  filtered,  washed 
with  water  to  the  absence  of  acid  to  Congo  paper,  and  air  dried.  Weight  2.87  g  (70%).  After  recrystallization 
from  a  mixture  of  methyl  alcohol  and  chlorobenzene  (5  :3),  fine  red-brown  needles,  m.p.  207.5-208.5’.  6-Chloro- 
phenol(2-azo-r)-2'-naphthol  was  easily  soluble  in  benzene,  toluene,  chlorobenzene,  less  so  in  methyl  and  ethyl 
alcohols. 

Found  %:  N  8.94.  CicMjiOiNjCl.  Calculated  %:  N  9.37. 


Kept  at 

ml  0.01  N  sil- 

Content  of  chlorine 
in  reaction  mass  (in 
7o)  with  respect  to 

total 

one  chlo- 

100’ 

(average  of  2 
samples) 

chlorine 

rine  in 

(in  hours) 

in  ori- 

original 

ginal 

com- 

com- 

pound 

pound 

8 

2.53 

25.25 

50.5 

20 

2.28 

22.75 

45.5 

Reaction  of  6-chlorophenol(2-azo-l*)-2*-naphthol  (XII)  with  sodium  n-butylate.  To  a  solution  of  sodium 
n-butylatc  obtained  by  reaction  of  0.08  g  (0.003  g-atom)  of  sodium  with  5  ml  of  n-butyl  alcohol  we  added  a  mix¬ 
ture  of  solutions  of  0.3  g  (0.001  g-mole)  of  6-chlorophenol(2-azo-l*)-2*-naphthol  in  20  ml  of  toluene  and  0.1  g 
(0.0005  g-mole)  of  copper  acetate  in  15  ml  of  n-butyl  alcohol.  The  mass  was  heated  for  eight  hours  at  100’,  then 
acidified  with  20  ml  of  10%  sulfuric  acid  and  washed  with  distilled  water.  Chlorine  was  determined  in  the  wash 
water  and  was  absent  (test  with  silver  nitrate).  From  the  residue  wc  separated  a  product  which  gave  no  melting 
point  depression  when  mixed  with  the  original  dye  (m.p.  207.5-208.5*). 


SUMMARY 

1.  We  have  found  that  in  the  reaction  of  2,6-dichlorobcnzenc(l-azo-l')-2’-naphthol  with  sodium  2-phenyl- 
phenolate  in  the  presence  of  copper  salts  there  is  quantitative  replacement  of  both  atoms  of  chlorine  by  2 -phenyl - 
phenoxy  groups. 

2.  We  have  found  that  in  the  reaction  of  2,4,6-trichlorobenzene(l-azo-l’)-2*-naphthol  with  sodium  n-buty¬ 
late  in  the  presence  of  copper  salts  there  is  quantitative  replacement  of  both  chlorine  atoms  which  ate  in  the  ortho 
position  of  the  azo  group  by  n-butoxy  groups. 

3.  We  have  found  that  in  the  reaction  of  3,5-dichlorophenol(2-azo-l')-2'-naphtholwith  sodium  n-butylate 
in  the  presence  of  copper  salts  there  is  replacement  of  507'’  of  the  chlorine  in  the  ortho  position  to  the  azo  group. 

4.  We  have  considered  the  role  of  some  spatial  factors  for  the  occurrence  of  the  replacement  of  aromatically 
bound  halogen  atoms  in  azo  compounds  in  the  presence  of  copper  salts.  We  have  noted  the  significance  of  the 
possibility  of  a  spatial  approach  of  the  halogen  atoms  to  the  copper  atoms  in  the  intermediate  complex  which  is 
formed.  We  have  suggested  the  reaction  of  the  complex  of  metal  atom -complex  former  and  halogen  as  the  rea¬ 
son  for  the  weakening  of  the  bond  of  the  latter  with  the  aromatic  nucleus. 
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It  was  recently  found  that  hydrazine  derivatives  and,  in  particular,  phenylisopropylhydrazine  and  isonicotinic 
isopropylhydrazide  (Marsilid)  have  a  retarding  effect  on  monoaminooxidase  ferment. 

As  a  result  of  our  investigations  on  the  synthesis  and  a  study  of  the  properties  of  the  new  and  unusual  hetcro- 
cycles  —  sydiiones  [1]—  containing  the  elements  of  hydrazine  in  the  molecule  and  splitting  up  relatively  easily, 
with  the  formation  of  the  corresponding  monosubstituted  hydrazines  [2J,  it  was  of  interest  to  synthesize  certain 
reprcseiiiativcs  of  tliis  class  of  compounds. 

The  present  paper  gives  the  synthesis  of  3-isopropyl  and  3-phenylisopropylsydnone,  hitherto  undescribed  in 
the  literature,  and  also  isopropyl  and  phenylisopropylhydrazine  hydrochloride,  obtained  by  decomposition  of  these 
sydnoncs. 


CH 


RCHa 


ClI-N— CH 


HCI  ^^*3 
RCH2 


I  ^  ^C=0 

N— 

R  =  tl,  C,H,. 


Ncii-nh 
I 

NH2  •  HCI 


The  ethyl  ester  of  N-isopropyl  glycine  was  synthesized  by  reacting  isopropylamine  obtained  by  reductive 
amination  of  acetone  with  the  ethyl  ester  of  bromoacetic  acid.  After  it  had  been  saponified  with  alkali,  the 
acid  was  treated,  without  being  separated,  with  sodium  nitrite  in  acid.  The  precipitated  N-nitroso  derivative 
of  N-isopropyl  glycine  was  heated  with  excess  acetic  anhydride,  as  a  result  of  which  3-isopropylsydnone  was  ob¬ 
tained.  This  compound  is  readily  soluble  in  water  and  alcohol  and  insoluble  in  ether. 

3- Phenyl isopropylsydnone  was  synthesized  in  a  similar  way  from  phenylisopropylamine  and  the  ethyl  ester 
of  chloroacctic  acid.  In  this  case,  after  saponification  of  the  ester, phenylisopropyl  glycine  was  precipitated  as  the 
hydrochloride  and  it  was  nitrosated.  3-Phenylisopropylsydnone  was  obtained  from  the  nitroso  derivative  by  the 
action  of  acetic  anhydride.  It  is  a  high-boiling  viscous  liquid  which  must  be  distilled  under  higli  vacuum  and  in 
a  current  of  nitrogen,  otherwise  it  rapidly  decomposes.  Pure  samples  of  sydnonc  gradually  crystallize,  forming  a 
light -yellow  oily  powder  practically  insoluble  in  water.  When  the  synthesized  sydnoncs  were  heated  with  hydro¬ 
chloric  acid  (1:1),  isopropylhydtazinc  and  phenylisopropylhydrazine  hydrochlorides,  corresponding  to  literature 
data,  were  obtained. 

Since  hydrazines  with  aliphatic  and  both  aliphatic  and  aroniatic  substituents  arc  not,  in  general,  readily 
available,  their  synthesis  via  sydnones  may  be  important. 
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EXPERIMENTAL 


N-Nitroso-N-kopropyljjlycine.  68  g(0.49  mole)  of  the  ethyl  ester  of  broinoacetic  acid  was  added  with 
stirring  to  a  solution  of  '18  g^O.33  mole)  of  isopropylamine  in  benzene.  Heat  was  liberated.  The  mixture  was 
boiled  with  stirring  for  5  hours;  it  was  cooled  and  the  precipitated  isopropylamine  hydrobromidc  was  filtered  and 
washed  with  benzene.  The  benzene  solution  was  evaporated  under  vacuum  and  the  residue  (61  g),  the  ethyl  ester 
of  N-isopropylglycinc,  was  gradually  added  with  stirring  to  a  boiling  solution  of  25  g  of  caustic  soda  in  110  ml  of 
water.  The  reaction  mixture  was  boiled  for  1  hour  and  was  then  cooled  and  twice  extracted  with  ether.  100  ml 
of  concentrated  hydrochloric  acid  was  added  to  an  aqueous  solution  of  the  sodium  salt  of  glycine  and  after  the 
mixture  had  been  cooled  to  0’  a  solution  of  43  g  of  sodium  nitrite  in  80  ml  of  water  was  gradually  added  with 
stirring.  The  reaction  mixture  was  stirred  at  the  same  temperature  for  3  houis,  and  the  precipitate  was  filtered 
and  dried  over  alkali  in  a  vacuum  desiccator.  A  further  amount  of  the  nitroso  derivative  was  obtained  by  extract¬ 
ing  three  times  wiili  ether.  A  total  of  28  g  was  obtained;  m.p.  131-132.5*  (decomp.,  from  water). 

Pound  ■%  C  41.62;  H  7.03;  N  19.33.  CsHiqOjNz.  Calculated  ‘7o:  C  41.09;  H  6.89;  N  19.17. 

3-Isopropylsydnone.  26  g  of  the  dried  unrecrystallized  N-nitroso-N-isopropylglycine  was  heated  on  a  boil¬ 
ing  water  bath  with  idO  ml  of  acetic  anhydride  for  6  hours.  After  standing  overnight,  the  acetic  anhydride  v.'as 
distilled  off  under  vacuum  and  the  residue,  in  the  form  of  a  viscous  oil,  was  crystallized.  16.5  g  was  obtained; 
m.p.  57-60“  (from  ether). 

Pound  "k  C  46.90;  H  6.19;  N  21.32.  CjHsOzNj.  Calculated  ‘lo-.  C  46.56;  H  6.29;  N  21.86. 

Isopropy’lliydrazine.  3.2  g  of  3-isopropyIsydnone  was  heated  for  5  hours  with  50  ml  of  hydrochloric  acid  (1 ;  1) 
on  a  water  bath,  carbon  dioxide  being  liberated.  The  solution  was  evaporated  to  dryness  under  vacuum,  the  resi¬ 
due  (2.4  g)  was  dissolved  in  alcohol  and  1.52  g(55.3  %)  of  isopropylhydrazine  hydrochloride  was  obtained  as  a 
white,  very  liygroscopic  powder  (m.p.  112-114*)  by  precipitation  with  ether.  Literature  data  [3];  m.p.  114*,  122- 
124*. 

N-Plienylisopropylglycine  hydrochloride.  A  mixture  of  68  g  (0.5  mole)  of  phcnylisopropylamine  and  30.6  g 
(0.25  mole)  of  chloroacetic  ethyl  ester  was  heated  on  a  water  bath  for  5  hours.  After  the  mixture  had  cooled,  the 
phcnylisopropylamine  hydrochloride  was  filtered,  the  benzene  was  evaporated  and  the  residue  was  w'ashcd  with  a 
solution  of  18  g  of  caustic  soda  in  75  ml  of  water.  The  alkaline  solution,  washed  with  ether,  was  acidified  with 
hydrochloric  acid  to  pH  1-2.  The  precipitate  was  recrystallizcd  in  lO*?®  hydrochloric  acid.  31.2  g  was  obtained; 
the  m.p.  was  221-222*  (decomp.). 

Pound  Cl  15.63,  15,51.  CuHiaO^N  •  HCl.  Calculated  ‘7o;  Cl  15.44. 

N-Nitroso-N-phcnyll'opropylglycine.  A  solution  of  10  g  of  sodium  nitrite  in  20  ml  of  water  was  added  with 
cooling  to  0-2*  and  stirring  to  a  suspension  of  29.3  g  of  N -phenyl  isopropyl  glycine  hydrochloride  in  180  ml  of  water. 
The  mixture  was  stirred  for  2  hours  at  this  temperature;  a  viscous  heavy  oil  separated  out.  The  mixture  was  acidi¬ 
fied  with  concentrated  hydrochloric  acid  to  pH  1-2;  after  the  mixture  had  been  allowed  to  stand,  the  oil  crystallized 
out  as  a  white  powder,  which  was  filtered,  washed  with  water  and  dried  over  alkali  in  a  desiccator.  19.5  g  was 
obtained;  the  m.p,  was  112-113*  (from  water). 

Found  C  59.27;  H  6.29.  C1.H14O3N2.  Calculated  C  59.43;  H  6.35. 

3 -Phenyl isopropylsydnone.  19.5  g  of  N-nitroso-N-phenylisopropylglycinc  was  mixed  with  80  ml  of  acetic 
anhydride  and  after  the  mixture  had  stood  at  room  temperature  for  4  hours  it  was  heated  on  a  water  bath.  The 
acetic  anhydride  was  removed  at  reduced  pressure,  and  the  residue  was  distilled  in  a  current  of  nitrogen.  11.5  g 
was  obtained;  the  b.p.  was  20'1-205*(1. 5  mm), 194-196*  (0.9  mm).  It  was  a  viscous  yellow  syrup,  which  crystallized 
out  on  standing;  the  m.p.  was  45-46*. 

Pound  ^k.  C  65.01;  H  6.11;  N  13.89.  CnHizOjNz.  Calculated  'k  C  6-4.70;  H  5.92;  N  13.72. 

Phenyl  isopropylhydrazine.  3  g  of  3-phcnyUsopropylsydnone  was  heated  on  a  water  bath  with  30  ml  of  hy¬ 
drochloric  acid  (1 :1)  for  4  hours.  The  mixture  was  evaporated  under  vacuum  and  the  residue  was  recrystallized 
from  isobutyl  alcohol.  1.67  g(60.5'7o)  of  phenylisopropylhydrazinc  hydrochloride  was  obtained;  m.p.  118.5-119*. 
Literature  data  [ti  m.p.  122-124*. 
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SUMMARY 


3-Isopropyl  and  3-plienylIsopropylsydnone  were  synthesized  and  3-isopropyl  and  3-phenylisopropylhydrazlne 
hydrochloride  were  obtained  from  them. 
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The  catalytic  isomerization  of  y -oxides  (tetrahydrofurans)  to  aliphatic  carbonyl  compounds  in  the  presence 
of  platinized  charcoal  is  of  great  interest  [IL  A  detailed  investigation  of  this  reaction  showed  that  unsymmetrical 
y -oxides,  for  example  a-alkyl  tetrahydrofurans,  isomerize  in  two  directions. 


ir  0 '] 


Pt-C 


-  j^RCH^CHjCHjCt^  j  — RCHjCHjCHj  +  CO 


RCCH,CH,CH, 

II 

0 


The  length  of  the  carbon  chain  of  the  alkyl  radical  located  in  the  a-p-osition  and  the  reaction  temperature 
have  a  very  marked  effect  on  the  capacity  of  the  y -oxide  ring  to  isomerize  in  one  or  another  direction:  with  an  in¬ 
crease  in  the  reaction  temperature  and  an  increase  in  the  length  of  side-chain  alkyl  group  the  capacity  of  tlic 
1,2  C-O  bond  to  undergo  fission  during  isomerization  of  the  ring  increases  while,  on  the  other  hand,  this  capacity 
decreases  in  the  case  of  the  1,5  C-O  bond  [2]. 

The  unequal  tendency  of  the  1,2  and  1,5  C-O  bonds  to  tindergo  fission  during  isomerization  of  a  substituted 
tetrahydrofuran  ring  is  also  present  in  2,5-dialkyl  tetrahydrofurans,  the  alkyl  groups  of  which  contain  a  different 
number  of  carbon  atoms.  Isomerization  of  compounds  of  this  type  takes  place  primarily  at  the  C-O  bond  in  the 
vicinity  of  the  longest  alkyl  radical  [2J. 


U  ^  1 


CH,R 


-CHiCCH,CH,CH,CH,R 

II 

0 

—  CH,CH,CH.CHiCCH,R 

^  II 

0 


Finally,  it  should  be  mentioned  that  dialkyl  tetrahydrofurans,  both  alkyl  radicals  of  which  ate  located  on 
the  same  carbon  atom  of  the  ring  in  the  a-position,  Isomerize  with  opening  of  the  ring  only  at  tlie  C-O  bond  next 
to  the  side- chain  alkyl  groups;  after  decarbonylation  of  the  intermediary  aldehydes,  this  leads  to  the  formation 
of  the  corresponding  aliphatic  hydrocarbons  [2], 

R 

—  -  >CMCH,CH,  +  CO 

R, 


R  — . 


>CMCH,CH,CliO 
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This  report  deals  with  an  investigation  of  the  catal)tic  isomerization  of  more  complex  representatives  of 
y -oxides,  namely  alkyl  tetrahydrofuryl  carbinols  in  the  presence  of  platinized  charcoal  containing  lOfo  platinum. 

It  was  to  be  expected  that  together  with  isomerization  of  the  tetrahydrofuran  ring,  dehydrogenation  of  the  alcohol 
to  ketone,  and  certain  other  reactions  associated  with  the  presence  of  active  hydrogen  on  the  surface  of  a  catalyst, 
would  take  place. 

We  carried  out  the  isomerization  of  alkyl  tetrahydrofuryl  carbinols  in  the  vapor  phase  at  280-300*.  It  was 
established  that  the  principal  reaction  products  arc  ketones  (A)  containing  one  carbon  atom  less  in  the  molecule 
than  the  molecule  of  the  Initial  alkyl  tetrahydrofuryl  carbinol.  Ketones  with  this  structure  can  only  be  formed 
as  the  result  of  opening  of  the  tetrahydrofuran  ring  at  the  C-O  bond  next  to  the  side-chain  substituent,  and  decar- 
bonylation  of  the  intermediately  formed  kctoaldehyde  to  ketone  (A).  Together  with  this  main  direction  of  the 
reaction,  conversions  also  take  place,  as  a  result  of  which  aliphatic  ketones  (B)  are  formed,with  the  same  number 
of  carbon  atoms  as  in  the  molecule  of  the  Initial  alkyl  tetrahydrofuryl  carbinol. 


-H, 

-CM-R  TT-^ 

I 

on 

(I) 


^0/ 


(H) 


-C-R 


RCCH2CH2CH2CHO 

(i) 

RCCII2CH2CH2+  CO 
Jj  (55-60"/,) 

(B) 

^  RGCH2CH2CII2GI13  +  1I20 
11  (35-40"/,) 


whcr6  r  =  cHj:  c,n,:  iso-  CjH,;  n-c.n,. 

The  formation  of  ketones  (B)  is  possible  as  a  result  of  the  hydrogenolysis  of  the  ring  in  alkyl  tetrahydrofuryl 
carbinols  simultaneously  at  both  C-O  bonds  by  the  hydrogen  liberated  during  dehydrogenation  of  the  carbinol,  and 
also  by  the  hydrogen  adsorbed  by  the  catalyst  during  reduction.  Confirmation  of  tins  is  provided  by  our  experiments 
on  the  isomerization  of  alkyl  tetrahydrofuryl  carbinols  in  a  current  of  hydrogen,  which  showed  an  appreciable  rela¬ 
tive  increase  In  the  yields  of  ketones  (A)  and  a  corresponding  reduction  in  the  yield  of  ketones  (B);  on  the  other  hand, 
when  the  reaction  was  carried  out  as  far  as  possible  in  absence  of  hydrogen  (when  the  hydrogen  adsorbed  on  the 
platinized  charcoal  was  drawn  off  under  vacuum  at  300*  for  G  hours),  tlicre  was  an  Increase  in  the  yield  of  (B)  ke¬ 
tones  and  a  reduction  in  that  of  (A)  ketones.  It  may  be  noted  that  there  was  always  a  small  amount  of  a-diketoncs 
in  the  fractions  containing  the  (B)  ketones.  Their  formation  is  possible  as  a  result  of  opening  of  the  ring  at  the 
1,5  C-O  bond.  The  presence  of  a-diketones  was  indicated  by  the  yellow-green  color  of  the  fractions,  but  it  was 
impossible  to  isolate  them  in  the  pure  form. 

It  is  probable  that  the  dehydrogenation  of  alcohol  (I)  to  ketone  (II)  precedes  the  isomerization  of  the  tetra- 
hydrofurane  ring.  The  preferential  rupture  of  the  latter  at  the  1,2  C-O  bond  would  be  explained  in  this  case  by  the 
influence  of  the  carbonyl  group  on  the  neighboring  C-O  bond  in  the  ring.  The  presence  of  such  an  effect  is  indicated 
by  the  experimental  data  we  obtained  during  the  investigation  of  hydrogenation  on  platinum  of  furan  compounds 
containing  a  carbonyl  group  in  the  vicinity  of  the  ring  [3], 

EXPERIMENTAL 

Synthesis  of  the  initial  substances.  Alkyl  tetrahydrofuryl  carbinols  were  obtained  according  to  the  system: 


ri  h,:KI-ai||  I 

»,oj-cuo 


J!  * 

on  Oil 

=  CH„  C.H,.  Ro-C,Il,.  n-C.H,. 
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Properties  of  the  Initial  Alkyl  Tetrahydrofuryl  Carbinols 


Name 


Methyl  terrahydrofuryl  carbinol 
lithyl  tctjahyJrofuryl  carbinol 
I'oprnpyl  tetrahydrofuryl  carbinol 
Butyl  tetrahydrofuryl  carbinol 


Boiling 
point  (pres¬ 
sure  in  mm) 

B 

92-93'’ (10) 

1.0150 

1.^48.5 

62-63(7) 

09986 

61-65(8) 

0.9901 

1.4504 

97-98  (I'i) 

0.9509 

1.4.50S 

Litera¬ 

ture 


(5) 

(■’) 


l«l 


The  yields  of  alkyl  furyl  carbinols  varied  betv/een  63  and  T?j1o  for  ethyl  and  isopropylfuryl  carbinols  and 
47-6570  for  methyl-  and  butylfuryl  carbinols.  Their  catalytic  hydrogenation  Kas  practically  complete.  The  pro¬ 
perties  of  the  alkyl  tetrahydrofuryl  carbinols  are  given  in  the  Table. 

Catalyst.  The  catalyst,  platinized  charcoal,  was  prepared  by  imprognating  activated  birch  charcoal  with 
a  solution  of  chloroplatinic  acid,  followed  by  reduction  with  formalin  in  alkali  in  the  cold.  It  contained  \QPjo 
finely  dispersed  platinum. 

The  isomerization  of  y -oxides  was  carried  out  in  the  vapor  phase  at  280-300*.  In  each  experiment  we  took 
40-60  g  of  substances,  which  was  passed  through  a  layer  of  catalyst,  v;ith  or  without  hydrogen,  at  a  volumetric  rate 
of  0.1  hotir"^.  The  dried  catalyzates  were  distilled  with  an  efficient  column.  The  ketones  obtained  were  charac¬ 
terized  by  the  boiling  point,  the  refractive  index  and  the  melting  point  of  their  semicarbazones.  The  properties 
of  the  ketones  have  been  given  previously  [4]. 


SUMMARY  , 

1.  It  was  established  that  the  y -oxide  ring  in  alkyl  tetrahydrofuryl  carbinols  isomerizes  in  the  vapor  phase 
with  platinized  charcoal,  the  ring  being  opened  at  the  1,2  C-O  bond  next  to  the  substituent  in  the  a-positlon, 
the  isomerization  of  the  tetrahydrofuran  ring  evidently  preceding  the  dehydrogenation  of  the  alcohol  to  ketone, 
Decarbonylation  of  the  intermediary  kctoaldehydcs gives  aliphatic  ketones  with  a  chain  having  one  carbon  atom  less. 

2.  Under  the  conditions  employed,  together  with  isomerization  alkyl  tetrahydrofuryl  carbinols  also  undergo 
hydrogenation  of  the  ring  at  both  C-O  bonds,  with  t!ic  formation  of  aliphatic  ketones,  the  molecule  of  which  con¬ 
tains  the  same  number  of  carbon  atoms  as  the  molecule  of  the  initial  alkyl  tetrahydrofuryl  carbinols. 

LITERATURE  CITED 

1.  N.  L  Shuikin  and  I.  P.  Del’skii,  Doklady  Akad.  Nauk  SSSR,  m,  5-18  (1953).* 

2.  N.  I.  Shuikin,  L  P.  Bel'skii,  and  R.  A.  Karaldianov,  Doklady  Akad.  Nauk  SSSR,  127,  815  (1959).* 

3.  N.  I.  Shuikin  and  1.  P.  Bel’skii,  Doklady  Akad.  Nauk  SSSR,  m,  359  (1959).* 

4.  N.  L  Shuikin  and  I.  F.  Bel’skii,  Doklady  Akad.  Nauk  SSSR,  116,  621  (1957).* 

5.  R.  Paul,  Bull.  Soc.  Chim.  5,  4,  846  (1937). 

6.  J.  Pierce  and  R.  Adams,  J.  Am.  Chetn.  Soc.  47,  1098  (1925). 


•  Original  Russian  pagination.  See  C.  B.  Translation. 


2741 


A  MODIFICATION  OF  THE  DOEB  NER- MILLER  REACTION 

V.  I.  Minkin 
Rostov-on-Don  State  University 

Translated  from  Zhurnal  Obshchei  Khlmii,  Vol.  30,  No,  8, 

pp.  2760-2762,  August,  1960 

Original  article  submitted  July  21, 1959 


We  previously  proposed  a  new  modification  of  the  Doebncr-Miller  reaction  with  primary  amines  [1],  the 
mechanism  of  which  is  mainly  as  follows.  As  was  shown  hi  the  previous  report,  when  acyl  anilides  react  with  so¬ 
dium  alcoholates  in 'alcohol,  and,  in  the  case  of  formanilides,  with  alkali,  a  sodium  derivative  of  acyl  anilide  is 
formed,  which  in  its  lactim  form  reacts  with  acetaldehyde. 


CH,  CH, 


RCOONa 


R'=H,  O-CH,  ,m*CH,  ,p  -  CH,  ,o-0CHj,p  OCHj.O-OCjH,  ,p  O-Cl  ,p  -C’»  ,  CtC. 


The  formation  of  cthylidene  aniline  may  serve  as  an  Interesting  example  of  the  reactions  of  the  conjugated 
system  —  N  =  C — 0 — Me  with  transfer  of  the  reaction  center  [2].  Whereas  the  silver  derivative  of  formanllide 

I 

reacts  with  electrophilic  agents,  for  example  alkyl  iodides  [3],  without  transfer  of  the  reaction  center  (O  reaction), 
the  derivative  of  a  less  electronegative  metal  —  sodium  —  can,  according  to  A.  N.  Nesmeyanov,  undergo  a  N  reac¬ 
tion;  in  the  given  case  the  role  of  the  electrophilie  agent  is  played  by  acetaldehyde. 

In  the  presence  of  such  catalysts  as  alcoholate  or  hydroxyl  anions  the  ethylidene  aniline  formed  dimerizes 
to  cyclic  dicthylidene  diarylamincs,  according  to  the  aldol  system. 


CH3-Cn=N-CoH5+  RO®— >®CH2-CM=.N-C0H5  ROH; 
CH3-ClI=N-CcH5+©CH2-CH=N-CeIl6->CH3-CH-®N-CoH6 


ROH 


RO®  +  CH3-CH-NH-C0H5 

(!:h2-ch=n— Ctfiii 


CII2-CH=N-C6Hb 

NIl-CeHs 

I 

I  CH-CH3 


R  =  H,  AIK. 
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Such  products  v;crc  isolated  by  E.  L  Orlov  [4]  by  reacting  sodiiwn  formanilidc  withacetaldehyde,  but  he 
a’.tril'ijtcd  the  v/rong  structure  to  them. 

if  the  second  con-rponent  of  the  aldol  conder.sation  is  not  ethylidene  aniline  but  acetaldehyde,  aldol  bases 
are  formed  [5,  dj  which  are  converted,  however,  to  diethylidene  diarylamines  when  heated  with  excess  amine  In 
acid  [5],  Dieiliylidene  diatylamines  ate  converted  to  quinaldincs  according  to  the  previously  proposed  systems [7,  8]. 

The  present  report  describes  quinaldinc  bases  obtained  from  o-toluidine,  m-toluidine  and  o-phenetidlnc  with 
a  yield  of  30-35/0  relative  to  the  initial  amine,  which  is  considerably  higher  than  in  the  ordinary  Doebner-Miller 
variant,  v/hcrc  tlie  yield  does  not  exceed  13-15??  [0,  101.  The  reaction  was  also  extended  to  chlotoaniUnes.  The 
use  of  caustic  soda  for  obtaining  sodium  forinanilides  simplifies  the  synthesis  and  has  hardly  any  effect  on  the  yield 
of  qninaldines. 

EXPERIMENTAL 

1.  8-E'cthylqijinaldine.  100  ml  of  isolnityl  alcohol  and  2.3  g  of  sodium  were  placed  in  a  twin-necked  flask 
equipped  with  a  reflux  condenser,  a  mechanical  stirrer  and  a  dropping  funnel.  After  the  sodium  had  dissolved,  13.5  g 
of  o-formotuliiidide  \/as  added  and  13.5  ml  of  paraldehyde  was  then  added  gradually  for  15  minutes  with  heating. 

The  irrixtnrc  was  boiled  with  stirring  for  3  hours.  Wlien  it  had  cooled,  40  ml  of  water  and  40  ml  of  concentrated 
hydroclrloric  acid  were  added  and  the  mixture  was  kept  liglitly  bciiing  for  another  2-3  hours,  after  which  the  alcohol 
was  steam  distilled.  The  residue  was  made  alkaline  and  the  base  v;as  also  steam  distilled.  The  mixture  of  amines 
was  extracted  with  80>100  ml  of  diethyl  ether,  shaken  with  10  g  of  phihalic  anhydride,  and  the  phthalamic  acids 
were  extracted  with  a  lOYo  solution  of  caustic  soda.  This  operation  [11]  was  twice  repeated,  the  ether  extract  was 
dried  with  potash  and  tl'.e  ether  was  distilled.  The  yield  was  5.3  g  (34*70);  the  b.p.  was  248-25^1*:  the  m.p.  of  the 
picrate  was  179*;  the  rn.p.  of  the  methyl  iodide  derivative  was  220*. 

2.  7 -Methyl qiiinaldlne.  To  2.5  g  of  sodium,  100  ml  of  isobutyl  alcohol  and  14.9  g  of  m-acetotoluididc  were 
added  15  nil  of  paraidchyde  and  the  mixture  was  boiled  with  stirring  for  3.5  hours.  The  subsequent  treatment  of 
the  mixture  was  the  same  as  that  described  in  experiment  1.  After  the  ether  had  been  distilled  the  mixture  of  5- 
and  7-methyli;uinaldines  gradually  solidified.  The  yield  was  5.2  g  (33/o);  the  b.p.  was  260-2G2*;  the  m.p.  was 
53-59*.  Wlicn  treated  v/ith  alcoholic  picric  acid,  a  mixture  of  the  picrates  of  5-  and  7-iTu:thylquinaldlnes  with 

an  m.p.  of  182-185*  was  formed,  indicating  a  considerable  predominance  of  the  picrate  of  7-methylquinaldine. 
(According  to  Spivey  and  Curd  [10]:  a  mixture  of  5-  and  7-methylquinaldines  obtained  by  the  Dochnet-Miller 
reaction  consists  of  IS’/o  5-mcthylquinaldinc  and  82‘/o  7-mcihylqiiiualdinc.  The  picrate  of  7-meihyIquinaldinc 
melts  at  196*,  and  that  of  5-mcthylquinaldinc  at  222").  After  the  bases  had  been  washed  with  a  small  amount 
of  isopropyl  alcohol  and  filtered  on  a  glass  filter  [10],  transparent  needles  of  7-methylquinaldinc  (5-niethylquinal- 
dine-liquid)  with  an  m.p.  of  60-61*  remained;  the  m.p.  of  the  picrate  was  193-194*. 

2L _ ^Etho^quinaldine.  2.3  g  of  sodium  v/as  dissolved  in  80  ml  of  isobutyl  alcohol  and  17.9  g  of  o-acetophen- 

ctidide  (m.p.  79-8^0")  was  added  with  stirring;  14  mi  of  paraidchyde  was  then  introduced  rapidly.  The  mixture 
was  boiled  moderately  for  3.5  hours,  and  a  further  2-3  hours  after  the  addition  of  40  ml  of  water  and  40  ml  of 
concentrated  hydrochloric  acid.  The  alcohol  v/as  steam  distilled  and  the  8-ethoxyqninaldinc  was  precipitated  as 
the  salt  with  ferrocyanic  acid  by  the  addition  of  potassium  ferrocyanide.  The  precipitate  was  filtered  and  decom¬ 
posed  with  107o  caustic  soda.  The  yield  was  6.1  g  (337i>);  the  m.p.  was  48-49*. 

4.  7,8-Dcn^oquinaldine.  2.3  g  of  sodium,  80  ml  of  irobutyl  alcohol,  18.5  g  of  acenaphthalidc  and  13,5  ml 
of  paraldehyde  were  taken.  The  reaction  v/as  carried  out  in  a  similar  way  to  experiment  1.  After  the  alcohol  had 
been  distilled,  7,8-bcnzoquinaldine  was  precipitated  as  the  salt  with  ferrocyanic  acid,  and  after  decomposition  of 
the  salt  the  impurities  were  removed  with  phthalic  anhydride,  as  in  experiment  1.  The  yield  was  4.8  g  (257«>);  the 
b.p.  was  308-330’;  the  m.p.  of  the  picrate  was  225*. 

5.  6-Chloroqiitnaldinc.  3  g  of  sodium,  100  ml  of  isobutyl  alcohol,  17  g  of  p-chloroacetanilide  and  15  ml 
of  paraldehyde  were  taken.  The  reaction  was  carried  out  in  a  similar  way  to  experiment  1.  After  the  alcohol  had 
been  distilled  the  residue^  was  made  alkaline  and  was  steam  distilled.  Lustrous  transparent  plates  formed  in  the 
condenser.  The  yield  was  4.6  g  (267o);  the  m.p.  was  93*;  the  m.p.  of  the  picrate  was  204*. 

6.  8-Chloroquinaldine.  3  g  of  sodium,  100  ml  of  isobutyl  alcohol,  17  g  of  o-chloroacctanllide  and  15  ml 
of  paraldehyde  were  taken.  The  experiment  was  carried  out  and  the  quinaldinc  base  was  precipitated  in  the  same 
way  as  described  in  experiment  5.  The  yield  was  3.5  g  (20'7o);  the  m.p.  was  68*;  the  m.p.  of  tlic  picrate  was  173-174*. 
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7.  Ouinaldine.  12.1  g  of  formanillde  Wvis  dissolved  in  50  ml  of  alcohol,  and  a  solution  of  4.1  g  of  caustic 
soda  in  10  ml  of  water  was  added  gradually  with  stirring;  13.6  ml  of  paraldehyde  was  then  added  and  the  mixture 
was  heated  to  boiling  for  3.5  hours.  The  subsequent  operations  were  similar  to  those  described  previously  [1].  The 
yield  was  5.4  g  (387o);  the  b.p.  was  238-248*,  the  m.p.  of  the  picrate  was  191*,  the  m.p.  of  the  methyl  iodide  deri¬ 
vative  was  lO-i-lOS*. 

8.  6-Mcthylquinaldir»e  was  obtained  in  a  similar  way  to  that  described  in  experiment  7.  The  yield  w'as  457'’; 
the  b.p.  was  115-121*  (2  mm);  the  m.p.  was  59*;  the  m.p.  of  the  picrate  was  187-188*;  the  m.p.  of  the  methyl 
iodide  derivative  was  241*. 

9.  6-Methoxyquinaldine.  15.1  of  formo-p-anisidide  was  dissolved  in  60  ml  of  isobutyl  alcohol;  4.1  g  of 
caustic  soda  in  10  ml  of  water  was  added,  and  then  13.5  nil  of  paraldehyde.  The  reaction  was  carried  out  and  the 
quinaldinc  base  was  precipitated  in  the  same  way  as  described  in  [1].  The  yield  was  5.1  g  (30'7o);  the  m.p.  was 
280-292*;  the  m.p.  was  63-64*;  the  m.p.  of  the  picrate  was  216-217*;  the  m.p.  of  the  methyl  iodide  derivative 
was  236*. 


SUMMARY 

A  number  of  quinaldine  bases  were  synthesized  by  a  previously  developed  modification  of  the  Doebner-Miller 
reaction  and  the  mechanism  of  the  Individual  stages  of  the  synthesis  was  examined. 
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Several  years  ago  we  investigated  the  tautomeric  equilibrium  of  dialkyl  thlophosphoric  acids  (I  ’^*11)  [1] 


110.  /S 
\|>// 

110^  ^011 
(I) 


lUX  .SI  I 

IIO^ 

(11) 


In  acincoiis-alcoholic  media  by  a  poientiomctric  method  based  on  the  application  of  the  Bronstcd-Izmailov  law 
to  Ionization  constants  of  tautomeric  acids  [2J.  The  method  is  associated  w'ith  the  use  of  reference  nontautomerlc 
substances  belonging  to  the  same  chemical  type  as  the  investigated  tautomeric  fornis.  Dialkyl  phosphoric  acids 
(III),  of  both  the  OH-acid  and  dialkyl  dithiophosphoric  acid  (IV)  type  and  the  SH-acld  type  were  used  as  the  re¬ 
ference  substances. 


HO.  A) 

WO'^  ^ Oil 
(III) 

The  ionization  constants  of  both  these  types  of  acids  and  tautomeric  dialkyl  thlophosphoric  acids  in  7  and 
8(ffo  alcohol  were  determined.*  It  was  found  that  in  7'7i>  alcohol  the  tautomeric  equilibrium  of  dlalkyl  thiophos- 
phoric  acids  is  displaced  towards  the  thiolic  forms  (ll),  and  in  a  medium  of  80%  alcohol, towards  the  thlonlc  forms 
(l).  When  the  tautoinerism  of  acid  esters  of  alkyl  thiophosphinic  acids  was  investigated  by  this  method  [4J  it  was 
established  that  the  tautomeric  equilibrium  is  displaced  almost  entirely  towards  the  thionic  forms  (V)  in  both  1% 
and  80%  alcohol.  The  influence  of  structure  on  the  tautomeric  equilibrium  of  thloacids  of  phosphorus  with  the 
general  formula 
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H()/  \sil 

(IV) 


Hv 

\|>/^ 

HO'' 


S 

OH 


(V) 


"^0 

(VI) 


'\p/^ 

IJ/  \ 


s 

OH 


(Vli) 


•\p/^" 

^0 


(VIll) 


•  These  data  were  subsequently  improved  [3J. 
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Kith  a  wide  range  of  variation  of  the  A  and  B  radicals  was  later  [3j  investigated  in  detail.  The  investigation  was 
based  on  the  use  of  Hammett’s  equation  for  the  ionization  constants  of  tautomeric  acids,  the  tautomeric  equili¬ 
brium  constants  being  calculated  from  deviations  from  Hammett's  linear  law.  It  was  found  that  the  principal  fac¬ 
tors  determining  the  position  of  the  thion-thiolic  equilibrium  of  thioacids  of  phosphorus  are  the  polarity  of  the 
medium  and  the  nature  of  the  radicals  combined  with  the  phosphorus.*  An  increase  in  the  polarity  of  the  medium 
(changeover  from  80"Io  alcohol  to  and  the  use  of  radicals  with  high  a  values  (i.e.,  electron  acceptor)  displaces 
the  equilibrium  towards  the  thiolic  forms. 

There  was  justification  for  the  assumption  that  in  nonpolar  n)edia  with  a  low  dielectric  constant  the  tauto¬ 
meric  equilibrium  of  thioacids  of  phosphorus  will  be  displaced  towards  the  tliionic  forms  for  any  phosphorus -con¬ 
taining  radicals.  The  aim  of  the  present  investigation  was  to  check  this  assumption. 

In  contrast  to  conducting  protolytic  media  in  which  tlie  prototropic  tautomeric  equilibrium  consists  of  the 
equilibrium  of  the  tautomeric  forms  of  acids  or  bases  with  the  corresponding  ions,  in  nonpolar  media  with  a  low 
dielectric  constant  ionic  pairs  are  in  equilibrium  with  the  molecular  tautomeric  forms.  In  the  case  of  the  tauto- 
merism  of  substances  of  acid  character  the  ionic  pair  is  formed  by  an  anion  and  cation  of  the  base-proton  carrier, 
common  to  both  tautomeric  forms.  In  weakly  polar  media  dissociation  of  ionic  pairs  to  free  ions  is  very  slight 
and  has  no  effect  on  the  position  of  tautomeric  equilibrium.  From  all  the  data,  the  general  system  of  tautomeric 
equilibrium  in  nonpolar  media  with  a  low  dielectric  cohstant  can  be  represented  as  follows  [5]. 

A,n-j  ii;i  A.ii ...  AjH  ...  AjM-i-  n  (i) 

W  (1) 

A--f 

Outside  the  dependence  on  the  possible  dissociation  of  ionic  pairs  the  tautomeric  equilibrium  constant  in 
nonpolar  media  must  be  equal  to  the  ratio  of  the  constants  of  the  protolysis  of  tautomeric  forms  by  the  base-pro¬ 
ton  carrier 


^T 


K 


A,n 

A,B 


(2) 


Two  of  the  authors  recently  [CJ  developed  an  optical  method  for  determining  the  protolysis  constants  of 
acids  in  nonpolar  media  by  the  use  of  an  indicator-base,  employed  in  stoichiometric  amounts  with  respect  to 
the  acid  and  consequently  playing  a  double  role:  a  base,  producing  the  specific  buffering  of  the  solution,  and  an 
Indicator.  It  was  found  that  in  benzene  and  chlorobenzene,  the  protolysis  constants  of  carboxylic  acids  with  cry¬ 
stal  violet  base  obey  Bronsted's  law  satisfactorily:  a  linear  relation  is  observed  between  the  logarithms  of  the  pro¬ 
tolysis  constants  in  benzene  and  chlorobenzene,  the  angle  of  inclination  of  the  straight  line  being  close  to  45*. 

The  protolysis  constants  of  dithiocarboxylic  acids  RCSSH  were  then  investigated;  these  also  obeyed  Bronsted’s  law. 
As  was  expected,  within  the  coordinates  pKy^^  and  ^  =  CgHsCl)  the  dithioacids  formed  their 

own  straight  line  parallel  to  the  straight  line  oi^  the  carboxylic  acids.  It  was,  therefore,  possible  to  investigate 
the  tautomerism  of  monothiocarboxylie  acids  [5]  on  the  same  basis  as  that  for  the  investigation  of  the  tautomcrlsm 
of  monothiophosphoric  acids,  the  only  difference  being  that  the  protolysis  constants  must  be  used  instead  of  the 
ionization  constants.  It  was  found  that  in  benzene  and  chlorobenzene  the  tautomeric  equilibrium  is  displaced  to¬ 
wards  the  thiolic  forms. 


n-c^ 

^OH 


.Sll 


This  conclusion  w'as  confirmed  by  an  independent  spectral  investigation  and  it  was  thus  proven  that  the  pro¬ 
tolysis  constants  can  be  used  for  determining  the  position  of  tautomeric  equilibrium. 

In  the  present  work  we  investigated  the  protolysis  of  oxy  and  thioacids  of  phosphorus  with  hexamethoxy  red 
indicator  in  benzene  and  chlorobenzene.  Oxy  acids  of  phospl)orus,  of  the  general  type  (K),  were  used  as  the  re¬ 
ference  OH  acids;  ditliioacids  of  phosphoms,  of  type  (X),  were  used  as  reference  SH  acids;  acids  (VII  —VIII)  with 
interchange  of  the  A  and  B  radicals  were  used  as  the  tautomeric  acids. 
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The  optical  densities  of  the  solutions  of  acid  and  indicator,  taken  in  equivalent  or  simple  multiple  ratios  of 
the  concentiations  ao  and  bo,  were  determined  by  means  of  an  elecuophotocolotimetet;  the  concentration  of  the 
colored  form  of  the  indicator  (f)  was  determined  by  the  ordinary  calibrated  curve  method  (standard  —  a  specific 
amount  of  Indicator  with  a  100-foId  excess  of  a  benzene  solution  of  hydro jen  chloride)  and  the  protolysis  constants 
(Kab)  Indices  of  the  power  non  characterizing  the  number  of  particles  formed  by  a  protolytlc  reaction  [6J 

were  then  calculated  by  means  of  equation  (3).  The  measurem.ents  were  carried  out  at  room  temj^eratuie  without 
thermostatic  control.  The  values  arc  a^  3 10"®,  bj  ^  10"^. 


A'ah-  („,_/)  (6^  _/) 


(3) 


The  results  obtained  are  given  In  the  Table. 


Protolysis  Constants  of  Phosphorus  Acids  with  Hexamethoxy  Red  In  Benzene  and  Chloro¬ 
benzene 


Numbering 
of  points  on 
the  graphs 

Formula 

n 

P^AB 

in  ben¬ 
zene 

incbloro 

benzene 

in  ben¬ 
zene 

in  chloro¬ 
benzene 

1 

(C.2H50)2PSOn 

1.05 

1.06 

—1.69 

-2.13 

2 

(C,H-0)2PS0H 

1.07 

l.ftO 

—1.52 

—1.84 

3 

(Iso  C4lluO)2PSOIl 

1.04 

1.07 

—  1.46 

-1.87 

4 

Cll3(C2Hf.O)I>SOH 

0.99 

1.03 

-1.01 

-1.28 

5 

ch3((’3H70)psoii 

1.01 

1.06 

-0.87 

-1.12 

6 

cn3(C4iioO)i’son 

1.00 

1.06 

-0.67 

-1.12 

7 

lso(’jil!.((MH.,0)PSOH 

1.10 

1.10 

--0.39 

-0.73 

8 

(('2H50)2l’SSH 

099 

1.01 

-0.S9 

—1.73 

9 

(C4H,,0)..PSS1I 

1.00 

1.01 

-0.62 

-1.45 

10 

(Iso  C4lloO):PSSII 

1.00 

1.00 

-0.74 

-1.66 

11 

cii.,{C3iijO)i’ssn 

0.94 

0.97 

-0.13 

-0.94 

12 

(C2h50)2P0011 

1.01 

1.08 

—0.17 

-043 

13 

(f-o»50)2poon 

1.01 

1.05 

-2.09 

-2.57 

14 

(p-cM;,CoH40),pooii 

1.10 

1.10 

-1.40 

-1.65 

15 

ClCn2(p-CM3Ccll40)P00H 

1.07 

1.06 

-1.66 

—2.20 

Since  the  indices  of  the  power  n  arc  equal,  within  the  limits  of  experimental  error,  to  1,  the  protolysis  of 
phosphorus  acids  v/ith  the  indicator  hexamethoxy  red  leads  to  the  formation  of  one  molecule,  a  hydrated  ionic 
pair  of  the  type; 


A\  /S 

•  AraC^ 

B/  \0- 


If  a  graph  is  plotted  within  the  coordinates  pKab  benzene  P’^AB  chlorobenzene 
obtained,  it  is  seen  (Fig.  1)  that  oxy  and  dithioacids  of  phosphorus  form  two  parallel  straight  lines  with  an  angle 
of  inclination  close  to  45*.  Monothioacids  (1-7)  are  characterized  by  points  lying,  within  the  limits  of  experi¬ 
mental  error,  on  the  straight  line  of  oxyacids,  i.e.,  OH  acids.  The  conclusion  follows,  therefore,  that  the  tauto¬ 
meric  equilibrium  of  monothioacids  of  phosphorus  m  benzene  and  chlorobenzene  is  displaced  almost  completely 
towards  the  thionic  forms. 
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Fig.  1.  Relationship  between  the  in¬ 
dices  of  the  protolysis  constants (pK^^) 
of  phosphorus  acids  with  hexamethoxy 
red  in  benzene  and  chlorobenzene.* 


E6 


Fig.  2.  Relationship  be¬ 
tween  for 

dialkyl  and  diaryl  phos¬ 
phoric  acids  (from  our 
data  the  value  of  o  for 
CICH2  was  calculated 
as  0.050). 


Fig.  3.  Relationship  between  pKy^g 
and  lo  for  dithio phosphoric  acids. 

The  same  conclusion  can  be  reached  from  an  ex¬ 
amination  of  the  influence  of  radicals  combined  with  phos¬ 
phorus  on  the  protolysis  constants  of  acids.  In  Figs.  2-4 
the  results  obtained  are  given  within  the  coordinates  pKy^g 
‘and  Eo  [7].  As  may  be  seen,  a  satisfactory  linear  Hammett 
relation,  without  deviations,  is  observed.  It  was  previously 
shown  [3J  that  the  strict  observance  of  the  linear  Hammett 
relation  for  the  ionization  constants  of  tautomeric  substances 
indicates  the  displaccn)ent  of  the  tautomeric  equilibrium 
towards  one  of  ilie  forms.  There  is  justification  for  the 
assumption  that  this  is  equally  true  for  the  protolysis  con¬ 
stants  of  tautomeric  acids  with  an  indicator-base.  Here 

(Fig.  4)  too,  therefore,  wc  teach  the  conclusion  that  tautomeric  equilibrium  is  displaced  toward  one  of  the  forms. 

In  the  given  case  the  fact  that  this  form  is  thionic  follows  from  a  comparison  of  the  results  obtained  during  an 
investigation  of  aqueous,  alcoholic,  benzene  and  chlorobenzene  solutions.  As  one  passes  from  water  to  alcohol 
the  equilibrium  is  displaced  from  the  thiolic  forms  to  thionic.  Hence,  in  hicdia  which  are  still  polar  it  is  displaced 
all  the  more  towards  the  thionic  forms. 


Fig.  4.  Relationship  between  pK^p 
and  Eo  for  monothiophosphoric  acids. 


•  Here,  and  in  the  other  diagrams,  sec  Table  for  the  numbering  of  the  points. 
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Hence,  both  methods,  based  on  quite  different  assumptions,  lead  to  the  conclusion  Uiat,  in  contrast  to  thio- 
caiboxyllc  acids,  the  tautomeric  equilibrium  of  thioacids  of  phosphorus  in  benzene  and  chlorobenzene  is  almost 
completely  displaced  towards  the  tltionic  forms.  The  cause  of  the  difference  in  the  behavior  of  thiocaiboxylic 
and  thiopliosphoric  acids  must  be  discussed. 

It  may  be  thought  that  the  difference  in  the  behavior  of  these  types  of  acids  is  due  to  the  differences  in  the 
basicity  of  P  =  O  and  P  =  S  groups  on  the  one  hand  and  C  =  O  and  C  =  S  groups  on  the  other.  It  is  known  that  the 
P  =  O  group  has  more  markedly  expressed  basic  properties  than  the  C  =  O  group.  The  basic  properties  of  P  =  S 
and  C  =  S  groups  are  weaker  than  tlic  P  =  O  group,  hi  the  HS-P  =  O  combination  of  atoms  the  proton  passes  readily 
from  sulfur  to  oxygen,  v.hich  is  the  most  basic  point  of  a  molecule  forming  a  stable  combination  S  =  P-OH.  Since 
clcctrcn-acceptor  substituents  reduce  the  basic  propcnics  of  the  P  =  O  group  they  have  little  influence  on  the  acldl 
propcitics  of  ik.e  Sll  groiip;  these  substituents  therefore  assist  the  appearance  of  the  thiolic  form.  As  a  result  of 
their  leveling  effect  on  the  strength  of  acids  and  the  possibility  of  the  formation  of  hydrogen  bonds  with  P  =  O  and 
ns  groups  (but  not  with  a  P  =  S  group),  polar  hydroxyl-coutaining  solvents  also  assist  the  thiolic  form. 

The  basic  properties  of  the  C  =  O  group  of  ihlocarboxylic  acids  are  inadequate  for  stable  combination  of  a 
proton  in  tlie  form  S  =  C-OH.  This  is  particularly  clearly  indicated  in  the  presence  of  electron-acceptor  substi¬ 
tuents  (in  all  media,  p-nitrobenzoic  acid  has  a  thiolic  structure).  In  the  presence  of  elcctron-donor  substituents 
the  basic  properties  of  tlic  C  =  O  group  are  increased,  and  in  equilibrium  the  thionic  form  appears.  This  is  more 
clearly  shown  in  polar  solvents  with  a  leveling  effect.  Thus,  electron-donor  radicals  and  thiocarboxylic  acids  and 
thiopliosphoric  acids  assist  the  thionic  form,  while  electrcn-acccptor  radicals  assist  the  thiolic  form.  But  in  the 
former  the  iliiolic  form  is  more  stable,  while  in  the  latter  it  is  the  thiolic  form  which  is  the  most  stable;  in  the 
case  of  tlie  former,  polar  solvents  therefore  assist  an  increase  in  the  concentration  of  the  thionic  forms,  whereas 
in  the  latter  they  increase  the  concentration  of  the  thiolic  forms. 

The  methods  of  obtaining  all  the  measured  acids  and  their  constants  have  been  previously  described. 

SUM  MARY 

1..  The  protolysis  constants  of  a  number  of  oxy,  dithio  and  monothiophosphorlc  acids  with  hexainethoxy  red 
indicator  in  benzene  and  chlorobenzene  were  measured  by  the  colorimetric  method. 

2.  By  a  method  based  on  the  Bronsted -Izmailov  theory  and  a  comparison  of  the  indices  of  the  protolysis  con¬ 
stants  with  la  it  was  established  that  the  tautomeric  equilibrium  of  thioacids  of  phosphorus  in  benzene  and  chloro* 
benzene  is  displaced  almost  completely  towards  the  thionic  forms. 
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It  is  of  interest  to  obtain  comparative  data  on  the  substitution  of  different  halogens  in  o-halogen-o'-oxyazo 
compounds,  both  for  determining  more  accurately  the  boundaries  of  the  applicability  of  a  given  reaction  and 
establishing  its  mechanism. 

The  investigation  of  the  reaction  kinetics  of  the  substitution  of  halogen  in  azo  compounds  involves  consid¬ 
erable  difficulties  due  to  the  selection  of  a  medium  in  which  the  reaction  is  homogeneous  over  its  whole  duration 
and  conditions  in  which  it  takes  place  at  a  velocity  suitable  for  measurement.  Numerous  preliminary  experiments 
showed  that  in  the  case  of  2-halogcnbcnzenc-(l -azo-1 ')-naphthols-2*  satisfactorily  reproducible  results  are  ob¬ 
tained  by  reacting  with  sodium  methylate  in  the  presence  of  copper  acetate  in  a  mixture  of  methanol  and  dioxane, 
in  wliich  both  the  initial  substances  and  the  reaction  products  are  soluble,  provided  that  the  original  concentrations 
of  the  initial  substances  are  fairly  low  (about  10'®  g-mole/ liter  for  tlie  nitro  compound). 

Control  of  the  reaction  was  effected  by  determining  the  amount  of  free  halogen  in  the  wash  water.  To  de¬ 
termine  the  nature  of  the  reaction  products  formed  during  the  reaction  with  the  sodium  methylate,  exhaustive  ha¬ 
logen  substitution  experiments  \s'erc  carried  out;  the  reaction  products  were  isolated,  purified  and  identified.  In 
all  cases  in  which  a  substitution  reaction  of  halogen  under  the  conditions  investigated  takes  place,  2-methoxybcn- 
zenc-(l-azo-l ')-naphthol-2'  was  isolated  as  the  reaction  product;  it  was  identified  by  a  mixed  melting  point  with 
the  compound  obtained  by  synthesis  from  o-anisidine  and  2-naphthol  [IJ. 

The  experiments  sliowed  that  at  100”,  i.c.,  under  conditions  where  the  chlorine  atom  in  2-chlorobenzcnc- 
(l-azo-l’)-naphthol-2'  is  quantitatively  replaced  by  an  alkoxy  group  in  2  hours  [2],  the  fluorine  atom  in  the  ana¬ 
logous  compound  is  not  completely  replaced  in  even  8  hours.  As  regards  bromine  and  iodine,  these  halogens  arc 
quantitatively  replaced  by  reaction  with  sodium  methylate  in  1  hour  at  30°  and  under  conditions  in  which  the  chlo¬ 
rine  atom  is  only  8%  replaced.  To  determine  the  difference  in  the  mobility  of  bromine  and  iodine  in  azo  com¬ 
pounds,  experiments  were  carried  out  at  lower  temperatures;  these  indicated  that  the  iodine  atom  is  replaced  some¬ 
what  mote  readily  than  the  bromine  atom  (82  and  62'7o  respectively  in  30  minutes  at  20*  and  65  and  607o  in  30 
minutes  at  10”). 

Thus,  with  respect  to  case  of  replacement  by  alkoxy  groups  in  analogous  o-halogcn-o’-oxyazo  compounds 
in  the  presence  of  a  copper  salt,  halogens  behave  in  the  order:  F  «  Cl  <  Dr  <  I.  This  series  is  the  reverse  from 
that  for  the  reaction  of  sodium  alcoholatcs  with  4 -nitro  and  2,4-dinitrohalogenbcnzcne3  [3]. 

It  is  noteworthy  that  in  the  above-mentioned  series  the  increase  in  the  mobility  of  tire  halogen  atom  in  an 
azo  compound  is  parallel  to  the  reduction  in  their  electronegativity  [4]  and  the  increase  in  the  jx)larizability  of  the 
C-Hal  bond  [5J.  This  is  explained  if  we  assume  [6]  that  the  cause  of  the  increased  mobility  of  the  halogen  atoms 
in  o-  and  peri-halogen-o’-oxyazo  compounds  in  the  presence  of  a  copper  salt  Is  their  reaction  with  a  metal  atom 
in  the  intermediate  complex  (A), 
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leading  to  a  weakening  of  the  C-Hal  bond  and  assisting  the  splitting  off  of  halogen  In  the  foirn  of  an  anion.*  The 
high  rlcctronegaiivlty  of  the  hal  jgen  will  evidently  impede  the  formation  of  Its  bond  with  tlie  copper  atom  In  the 
complex.  At  the  same  time,  the  high  polarizability  of  the  C-Hal  bond  will  assist  the  displacement  of  the  electron 
shell  towards  the  central  atom  of  copper,  thus  pjriHy;6ing  the  effect  of  the  conjugation  of  unshared  halogen  electrons 
with  the  IT  -electrons  of  the  aromatic  nucleus,  imparting  increased  strength  to  the  C-Hal  bond  in  aromatic  halogen 
derivatives. 

EXPERIMENTAL 

2-Chlorobcii/tne-(l-azo-l')-naphthol-2'  (1),  rn.p.  167*  (mean  [7]). 

2-Broinobcnzcne-(l-azo-l*)-naphthol-2*  (ll),  m.p.  174.5-175*  (from  a  mixture  of  ethanol  and  chlorobenzene, 
3: 1):  according  to  [8J:  m.p.  165*  (from  benzene). 

2-Iodobcnzcnc-(l-azo-l')-naphthol-2'  (HI),  m.p.  178-178.5*  (from  a  mixture  of  methanol  and  chloroben¬ 
zene,  3:1);  according  to  [9]:  m.p.  176*. 

Preparation  of  2-fluorobcnzene-(l-azo-l*)-naphthol-2*  (IV).  A  solution  of  0.6  g  of  sodium  nitrite  in  5  ml 
of  water  was  added  to  a  solution  of  1  g  of  o-fluoroaniline  (b.p.  58-60*  at  11  mm,  mean  [10])  in  3  ml  of  concen¬ 
trated  hydrochloric  acid  in  5  ml  of  water,  cooled  to  0*  by  the  addition  of  10  g  of  ice.  The  diazo  solution  obtained 
was  added  for  1  hour  to  a  suspension  of  the  2-naphtholate  obtained  from  1.14  g  of  2-naphthol,  1.6  ml  of  a  307o 
solution  of  caustic  soda,  2.1  g  of  soda  and  12  ml  of  water.  The  dark-red  precipitate  was  filtered,  washed  with 
water  and  dried.  The  weight  was  2.2  g  (927u):  recrystallization  from  ethanol  gave  fine  dark-red  needles  with 
an  m.p.  of  124.5-125.8*.  It  was  soluble  in  bcnrxnc,  toluene,  methanol,  ethanol  and  dloxane. 

Pound  %  C  72.61,  72.46;  H  4.34,  4.48;  N  10.33,  10.43.  CigHuONzF.  Calculated  %  C  72.19;  H  4.14; 

N  10.52. 

^.action  of  azo  dyes  with  sodium  metjiylate.  A  mixture  of  solutions  of  0.0625  g  of  copper  acetate  in  30  ml 
of  tncthanol  and  6.25  •  lO'^g-mole  of  dye  in  50  ml  of  dioxanc  was  added  to  a  solution  of  sodium  methylate  ob¬ 
tained  by  the  reaction  of  0.72  g  of  sodium  with  20  ml  of  methanol.  The  mass  while  being  stirred  was  kept  at  the 
predetermined  tenip>craturc,  for  a  specific  time  20  ml  of  107o  sulfuric  acid  and  100  ml  of  benzene  were  added  and 
the  solution  of  dye  was  thoroughly  washed  with  distilled  water.  The  aqueous  layer  and  the  wash  water  were  added 
to  a  250  ml  measuring  flask  and  the  halogen  content  was  determined  in  10  ml  samples  by  potentlometric  titration 
with  a  0.005  N  solution  of  silver  nitrate  (P-4  potentiometer,  w'ith  silver  and  calomel  electrodes).  The  amount  of 
halogen  split  off  was  calculated  with  respect  to  the  amount  contained  in  the  initial  halogcnazo  compound.  The 
presence  of  fluorine  in  the  wash  water  was  checked  by  the  reaction  with  zirconium  oxychloride  in  the  presence 
of  sodium  alizarin  sulfonate  [11].  The  results  of  the  experiments  are  given  in  the  Table. 

Precipitation  of  2-methoxybenzcne-(l-azo-l')-naphthol-2’.  In  the  experiments  with  dyes  (l),  (ll),and  (III), 
after  the  reaction  had  been  carried  out  for  a  period  sufficient  for  exhaustive  substitution  of  the  halogen  atom  (which 
was  checked  by  potcntiometric  titration  of  the  wash  water  of  the  reaction  mass  after  acidification)  the  solvents 
were  distilled  under  vacuum.  The  residue  was  boiled  with  20'7<>  hydrochloric  acid,  after  which  the  dye  was  purified 
by  rccrystalllzation  from  glacial  acetic  acid  and  identified  by  a  mLxed  melt  with  the  azo  dye  from  o-anisidlne 
and  2-naphthol  (m.p.  178*  [1]). 

•  In  the  paper  by  N.  N.  Vorozhtsov,  G.  G.  Yakobson  and  T.  D.  Rubina,  published  in  September  1959  (Doklady  Akad. 
Nauk  SSSR  127,  1225),  a  similar  scries  of  halogen  activity  was  given  for  the  catalytic  ammonolysls  of  halogen 
derivatives  of  benzene,  and  a  completely  similar  explanation  was  given. 
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Initial  dye 

Reaction 

temp. 

Duration  of 

reaction 

(min) 

0.005  ml  AgN03  used  in  the 
titration  (ml) 

Amount  of  halo¬ 
gen  in  the  reac¬ 
tion  mass  (^e) 

(1) 

30^ 

60 

0.39,  0.43Mean  0.41) 

8.2 

(11) 

30 

60 

20.10,  19.80  "  19.95)* 

100.2.5 

(III) 

30 

60 

4.92,  4.94  "  4.93) 

98.6 

(11) 

20 

30 

3.09,  3.11  "  3.10) 

62.0 

(II) 

20 

30 

3.09,  3.09  "  3.09) 

61.8 

(III) 

20 

30 

4.06,  4.04  -  4.05) 

81.0 

(III) 

20 

30 

4.15,  4.17  •  4.16) 

83.2 

(II) 

10 

60 

3.03,  3.01  "  3.02) 

60.4 

(III) 

10 

60 

3.23,  3.27  "  3.25) 

65.0 

(IV) 

100 

480  ** 

•  Back  titration:  amount  of  wash  water  (ml)  required  in  the  titration  of  10  ml  of  0.01  N 
AgNO,. 

•  •  On  completion  of  the  reaction  the  initial, product  was  quantitatively  precipitated 
[T.  D.  Rubina  and  N.  I.  Krlzhechkovskaya  took  part  in  the  experiments  with  dye  (IV)]. 


SUMMARY 

1.  The  reaction  of  2-fluoro,  2-chloro,  2-bromo  and  2-lodobenzene-(l-azo-l’)-naphthol-2*  with  sodium 
methylate  in  the  presence  of  copper  acetate  was  investigated.  It  was  established  that  the  halogen  atoms  are  ar¬ 
ranged  according  to  ease  of  substitution  in  the  given  reaction  in  the  following  order:  F  «  Cl<  Br<  I,  the  fluorine  atom 
being  hardly  replaced  by  an  alkoxy  group  when  heated  for  8  hours  at  100*,  whereas  bromine  and  iodine  atoms  are 
replaced  quantitatively  in  1  hour  at  30*. 

2.  Proposals  are  put  forward  to  substantiate  the  relationship  between  the  degree  of  mobility  of  the  halogen 
atoms  in  azo  compounds  and  their  electronegativity  and  the  polarizability  of  the  C-Hal  bond. 
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Numerous  investigations  in  the  field  of  organometallic  compounds  have  shown  that  the  number  of  radicals 
bound  directly  to  the  metal  atom  does  not  always  correspond  with  its  valence.  By  using  organomagnesium  reac¬ 
tions  it  has  not  been  possible,  for  example,  to  combine  four  tertiary  butyl,  or  four  tertiary  amyl  radicals  with  an 
atom  of  tin.  Only  compounds  of  the  type  R3SnCl  are  obtained  [11  It  has  only  been  possible  to  combine  two  ter¬ 
tiary  butyl  radicals  with  silicon  by  using  lithium  [2],  On  the  other  hand,  die  number  of  tertiary  butyl  radicals  that 
may  be  combined  with  an  atom  of  boron  corresponds  with  its  valence,  namely,  three  [3l  Many  similar  examples 
are  described  in  the  literature. 

The  number  of  radicals  present  in  a  given  organometallic  compound  undoubtedly  depends  on  the  degree  of 
branching  of  the  alkyl  radicals  or  on  the  presence  and  character  of  die  ortho  substituents  In  aryl  radicals,  as  well 
as  on  the  strength  of  the  bonds  joining  the  radicals  to  the  metal  atom. 

For  any  given  radicals,  however,  there  must  exist  a  numerical  limit  which  cannot  be  exceeded  even  by  the 
use  of  the  most  active  reagents.  The  determination  of  this  limit  and  other  laws  for  the  combination  of  radicals 
directly  with  a  metal  atom  has  great  theoretical  and  practical  significance. 

The  explanation  of  the  possible  number  of  mesityl  and  other  diortho-substituted  aryl  radicals,  containing 
such  simple  groups  as  CH3,  CH3O,  C^H^O  as  ortho  substituents,  that  can  be  joined  directly  to  an  atom  of  tin  is 
the  purpose  of  the  present  study.  * 

The  interaction  of  mesityl  magnesium  bromide  with  tin  tctrabromlde,  in  the  presence  of  an  excess  of  the 
first  reagent,  leads  to  the  formation  of  trlmesityl  tin  bromide.  Neither  raising  the  temperature  of  the  reaction 
mixture  (to  154*),  nor  prolonging  the  time  of  heating  (to  20  hours),  nor  Increasing  the  quantity  of  the  Grignard 
reagent  (up  to  20  moles  per  mole  of  SnBr.i),  changed  the  results  of  the  experiment.  Trimcsityl  tin  bromide  re¬ 
mained  as  the  final  product  of  the  reaction.  Treating  trimesityl  tin  bromide  with  an  excess  quantity  of  mote 
active  reagents  such  as  mesityl  lithium,  mesityl  sodium  or  mesityl  potassium  failed  to  give  tetramcsityl  tin.* 

This  indicates  the  practical  impossibility  of  joining  four  mesityl  radicals  to  an  atom  of  tin. 

With  the  aim  of  ascertaining  the  agreement  of  this  conclusion  with  the  theoretical  possibility  of  placing 
four  mesityl  radicals  about  an  atom  of  tin,  calculations  were  made  on  the  magnitude  of  the  intersection  of  the 
ortho  substituents  (the  carbon  atoms  of  the  methyl  groups)  of  the  mesityl  groups  in  their  various  locations  In  space 
•The  work  of  Bahr  and  Gelius  [4],  who  supposedly  obtained  tetramesityl  tin  (m.p.  320*)  by  the  interaction  of 
mesityl  lithium  with  SnCl^  in  boiling  toluene,  has  been  sliown  to  be  erroneous.  We  repeated  their  experiments 
several  times  under  identical  conditions,  but  only  succeeded  in  separating  trimesltyl  tin  chloride  and  dlmcsityl 
tin  oxide  (m.p.  above  200*),  but  tetramesityl  tin  did  not  appear  among  the  reaction  products. 
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The  maximum  degree  of  Intersection  of  two  atoms  of  carbon, 
which  are  part  of  the  methyl  groups  and  located  in  the  ortho  position, 
will  occur  when  three  mesityl  radicals  (out  of  four)  are  located  on  the 
planes  of  a  triangular  pyramid,  the  edges  of  which  form  a  tetrahedral 
angle  (109’28*). 

If  we  take  the  covalent  radii  of  the  atoms  of  tin  and  carbon  of 
the  aromatic  ring,  and  the  ordinary  bond  distance  between  the  methyl 
carbon  and  the  aromatic  group  as  equal  to  1.40,  0.77,  1.39  and  1.5-1  A, 
then  the  magnitude  BC  =  3.56  A  (Fig.  1),  while  AB  =  BC  sin  5-1*44'/ 

/sin  65*16*  =  3.20  A.  Consequently  tlie  center  of  the  carbon  atom  of 
the  ortho  substituent  (the  methyl  group)  is  located  on  the  straight  line 
AP,  at  a  distance  from  the  edge  equal  to  3.20  —  (1.39  + 1.5-1)  =  0.27  A. 
The  perpendicular  line  ED  from  the  center  of  the  carbon  atom  to  a  line 
passing  along  the  edge  of  the^  pyramid  is  equal  to  ED  =  AE*sin  65*16’  = 

=  0.27  A.  sin  65*16’  =  0.245  A.  Two  lines  perpendicular  to  the  edge, 
and  located  in  different  planes  of  the  pyramid,  form  an  angle  between 
Fig.  1.  them  which»is  equal  to  120*.  This  makes  possible  the  calculation  of 

the  distance  between  the  centers  of  two  atoms  of  carbon  of  the  methyl 
groups  in  neighboring  mesityl  radicals,  and,  consequently,  the  degree  of  intersection  of  the  carbon  atoms  of  the  ortho 
substituents.* 

EE’/ 2  =  DE  •  sin  60*  =  0.245  A  •  sin  GO*  =  0.212  A;  EE’  =  0.42  A. 

Consequently,  KL  =  1.54  +  0.42  =  1.96  A.  Designating  the  magnitude  of  interseetion  by  J,  we  find  J  =  2  (1.5i)— 
-  1.96  =  1.12  A. 

As  the  angle  formed  by  the  edges  of  the  pyramid  increases,  the  degree  of  intersection  of  two  carbon  atoms  of 
the  methyl  groups  will  naturally  decrease  and  will  become  minimal  (0.44  A)  if  three  mesityl  radicals  are  located 
in  one  plane  (ilic  angle  formed  by  tlie  valences  is  equal  to  120").  With  such  a  maximum  (1.12  A)  or  minimum 
(0.44  A)  intersection  of  the  carbon  atoms  in  ortho  positions,  is  a  similar  distribution  of  the  mesityl  radicals  joined 
to  the  tin  atom  possible?  From  the  work  of  Adams  [5,  6J  concerning  the  optical  isomers  of  biphenyl  compounds,  it 
follows  that  groups  located  in  the  meta  position  have  a  repelling  effect  on  ortho  substituents  and  defect  them,  thus 
strengthening  the  intersection  of  tlie  latter,  in  consequence  of  which  the  free  rotation  of  the  phenyl  rings  is  impos¬ 
sible  and  optical  activity  appears.  These  studies  indicate  tlie  possibility  of  some  deflection  of  the  ortho  substituents 
from  their  natural  disposition  in  space.  Knowing  this,  it  is  possible  to  assume,  as  the  first  of  the  possible  variants, 
a  distribution  of  the  mesityl  radicals  in  trimethyl  tin  halides  with  the  mesityl  radicals  located  in  one  plane  (the 
angle  formed  by  the  valences  is  120*:  the  deflection  of  theortho- methyl  groups  is  0.22  A)  or  in  positions  near  to  this. 

A  second  possible  variant  is  that  tlie  mesityl  radicals  are  rotated  on  some  corner.  If  the  first  mesityl  radical 
is  located  in  the  plane  of  a  trilicdral  pyramid  (the  angle  between  the  edges  being  equal  to  109*28’),  and  the  second 
mesityl  radical  is  located  perpendicular  to  the  plane  of  the  pyramid  ,  then,  since  the  effective  thickness  of  the  aro¬ 
matic  ring  is  3.70  A  [7J  and  the  covalent  radius  of  a  hydrogen  atom  is  0.30  A,  the  magnitude  of  intersection  (j) 
when  a  hydrogen  atom  of  the  methyl  group  is  in  one  plane  with  the  benzene  ring  will  be  equal  to  0.38  A.  When 
the  hydrogen  atom  is  deflected  from  the  former  position  by  a  51*44’  angle,  the  atoms  of  hydrogen  will  be  located 
at  a  distance  of  0.18  A  from  the  second  mesityl  radical;  i.c.,  there  will  be  no  intersection.  Neither  will  there  be 
any  intersection  in  the  arrangement  of  three  mesityl  radicals  joined  to  a  tin  atom,  if  tlie  planes  of  the  benzene 
rings  of  the  mesityl  radicals  arc  located  under  an  angle  of  45°  to  the  planes  of  the  pyramid  (the  angle  between 
the  edges  is  109*28’).  This  same  conclusion  can  be  drawn  in  relation  to  the  arrangement  of  four  mesityl  radicals 
in  tetramesiiyl  tin.  The  arrangement  under  a  45"  angle  will  be  the  most  satisfactory  arrangement  of  mesityl  radi¬ 
cals  in  v/hich  no  intersection  of  groups  will  be  observed. 

Since  the  above  geometric  data  suggest  the  possibility  of  placing  four  mesityl  radicals  about  an  atom  of 
tin  and  while,  on  the  contrary,  the  results  of  experiments  indicated  the  practical  impossibility  of  combiiiing  a 
fourth  mesityl  radical  to  an  atom  of  tin,  the  solution  of  the  problem  of  the  most  probable  spatial  distribution  of 
three  mesityl  radicals  in  trimcsityl  tin  bromide  which  makes  it  impossible  to  replace  a  halogen  by  a  fourth  mesityl 
radical  may  be  found  by  studying  the  nature  of  a  fourth  radical  which  is  able  to  combine  with  an  atom  of  tin  in 
the  presence  of  three  mesityl  groups. 

•  The  hydrogen  atoms  of  the  methyl  groups  are  not  taken  into  consideration. 
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Replacemeat  of  an  Arom  of  Bromine  by  a  Fourth  Radical  in  Trimesityl  Tin  Bromide 


•  •Reaction  conditions:  42*.  heated  for  3  hours,  solvent:  ether -benzene  mixture. 

•  •  •Reaction  conditions:  115*.  heated  for  12  hours,  solvent:  toluene.  In  all  subsequent  experiments  the  same  conditions  were  maintained. 


As  has  been  shown  in  a  number  of  experiments,  the  results  of  which  are  given  in  the  table,  it  is  comparatively 
easy  to  replace  the  bromine  in  trimesityl  tin  bromide  by  primary  alkyl  radicals  even  with  comparatively  long  hydro¬ 
carbon  chains;  its  replacement  by  secondary  radicals  is  more  difficult.  It  cannot  be  replaced  by  tertiary  radicals. 

It  is  possible  to  join  a  phenyl  radical  as  a  fourth  radical  to  an  atom  of  tin  linked  to  three  mesityl  radicals,  but  it 
Is  not  possible  to  join  an  o-tolyl  grouping  to  an  atom  of  tin  even  by  treatment  of  trimesityl  tin  bromide  by  an  ex¬ 
cess  of  o-tolyl  lithium.  Halogen  atoms  (chlorine,  bromine,  iodine)  easily  unite  with  an  atom  of  tin  which  is  linked 
with  three  mesityl  radicals. 

By  comparing  the  results  of  the  geometrical  calculations  and  the  experimental  facts,  it  is  possible  to  draw 
the  following  conclusion  concerning  the  most  probable  arrangement  of  three  mesityl  radicals  in  the  compounds  enu¬ 
merated  above:  three  mesityl  radicals  are  arranged  in  the  planes  of  a  three-sided  pyramid,  the  edges  of  which  form 
an  angle  approaching  120*.  The  atom  of  tin  is  located  at  the  vertex  of  this  pyramid.  Undoubtedly  the  tendency 
of  the  tin  electrons  to  couple  with  tlie  rr  -electrons  of  the  aromatic  rings  will  favor  a  similar  spatial  arrangement 
of  groups. 

SDnilar  arrangement  of  atoms  at  tire  corners  of  very  flat  pyramids  are  well-known  in  chemistry.  For  example, 
the  distance  between  the  atoms  of  chlorine  in  chloroform,  as  determined  by  x-ray  interferometer  studies,  has  per¬ 
mitted  the  determination  of  the  fact  that  the  angle  between  the  atoms  of  chlorine  and  carbon  is  equal  to  116*,  while 
in  methylene  chloride  it  is  124*  [8J.  Only  by  the  arrangement  of  the  mesityl  radicals  as  pointed  out  above  Is  it 
possible  to  explain  the  impossibility  of  replacing  bromine  in  trimes^ityl  tin  bromide  by  ortho-tolyl  and  also  by  mesityl 
radicals.  With  an  effective  thickness  of  the  aromatic  ring  of  3.70  A,  a  carbon  atom  of  the  methyl  group,  combined 
with  the  radicals  mentioned,  must  undergo  considerable  deflection,  the  maximum  magnitude  of  which  is  equal  to 
0.53  A  (Fig.  2),  which  is  scarcely  possible. 

/)O=./)/;4-/;/r-|./o=i.30-h0.77  +  0.77-=2.93  A 

l)L-.  DO  -  sin  30°=--2.93  -  sin  30“=  1.47  A 
71/1  = /I  /M-  /?C4-C77--=-- 1 .40-1-0.77-1- 1 .39=3.r>6  A 
.1//.=  3.5G  -  (l.Sh-f  1.47)  =  0.24  A 

Consequently,  the  magnitude  of  intersection  is  J  -  0.77—0.24  =  0.53  A. 

Organomagnesium  compounds,  obtained  from  l-bromo-2-all<oxynaphthalencs,  are  stereochcmically  similar 
to  diortho-substituted  arylmagnesium  halides,  and  therefore  when  they  react  with  SnBr4,  (orm  compounds  with 
tin  that  contain  three  radicals.  Of  a  number  of  such  compounds,  tri-(2-methoxynaphthyl-l)  tin  bromide  and  tri- 
(2-ethoxynaphthyl-l)  tin  bromide  were  synthesized. 

EXPERIMENTAL 

Synthesis  of  trimesityl  tin  bromide.  To  an  ether  solution  of 
rnesitylmagnesium  bromide,  prepared  from  50  g  of  bromomesitylene 
and  magnesium,  27.4  g  of  tin  bromide  dissolved  in  ether  was  added 
drop  by  drop  while  the  reaction  mixture  was  cooled  and  stirred.  The 
reaction  mixture  was  heated  on  the  water  bath  for  six  hours  and  was 
then  decomposed  by  water  and  107f  hydrobromic  acid.  The  ether 
layer  was  washed  with  water,  then  with  a  solution  of  sodium  bicar¬ 
bonate,  again  washed  with  water  and  then  dried  by  means  of  sodium 
sulphate.  After  driving  off  the  solveiits  the  material  remaining  was 
crystallized.  The  crystals  were  purified  by  recrystallization  from 
toluene.  Melting  point  178*.  Yield  20  g  (607o).  Trimesityl  tin 
bromide  is  soluble  in  benzene  and  toluene  and  is  stable  in  the  pre¬ 
sence  of  water  and  air. 

Found  %  Sn  21.40;  Br  14.40.  Cj^lljjSnBr.  Calculated  Sn  21. ai;  Br  14.37. 

Increasing  the  quantity  of  tin  bronjide  to  3G.5  g  led  to  the  formation,  along  with  trimesityl  tin  bromide,  of 
a  certain  quantity  of  dimcsityl  tin  dibroinide.  The  latter  hydrolyzes  during  tlie  decomposition  of  the  reaction  mix¬ 
ture  by  the  addition  of  hydrobromic  acid,  becoming  dimesityl  tin  oxide,  wdiich  separates  out  as  a  dense  white  pre¬ 
cipitate  that  is  insoluble  in  ordinary  organic  solvents.  At  204-210*  it  begins  to  deconjpose. 


Fig.  2 . 
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Found  '7-;:  Sn  32.03.  Ci8H220Sn.  Calculated  °Jo-.  Sn  31.82. 

The  replacement  of  tin  bromide  by  10  g  of  tin  tetrachloride  leads  to  the  formation  not  of  trimesityl  tin 
chloride  but  of  trimcsityl  tin  bromide  because  of  the  substitution  of  the  chlorine  in  the  chloride  first  formed  by 
bromine.  Melting  point  178*.  A  test  by  mixing  with  trimcsityl  tin  bromide  obtained  in  the  first  experiment  showed 
no  depression.  A  qualitative  test  for  bromine  (with  fluorescein  paper)  was  positive. 

^•pthesis  of  trimcsityl  tin  iodide.  To  3  g  of  trimcsityl  tin  bromide  dissolved  in  30  ml  of  benzene  were  added 
0.85  g  of  sodium  iodide  dissolved  in  acetone.  After  30  minutes  of  boiling  the  cooled  reaction  mixture  was  filtered 
from  the  jirccipitated  sodium  bromide.  The  acetone -bcnzcp.e  solution  was  evaporated.  The  trimesityl  tin  iodide 
obtained,  after  recrystallization  from  toluene,  shov/ed  a  melting  point  of  212*. 

Found '7o:  19.75:  1  21.08.  CzvlljaSnl.  Calculated  ’/o:  Sn  19.68;  121.06. 

Attempts  to  obtain  tetramesit^l  tin.  To  a  double  quantity  of  mesityl  lithium,  prepared  in  the  usual  way  in 
ether  solution  [9],  was  added  an  ether  solution  of  trimcsityl  tin  bromide  (3  g).  The  reaction  mixture  was  heated 
six  hours.  After  the  usual  operations  of  decomposing  tlie  reaction  mixture  with  water,  washing,  and  drying  the 
cilicr  layer  and  then  evaporating  die  solvent,  unchanged  trimesityl  tin  bromide  separated  out.  Melting  point  178*. 

A  test  by  mixing  with  the  starting  material  showed  no  depression.  In  subsequent  experiments  ether  was  replaced 
by  benzene,  toluene  Or  xylene.  The  reaction  mixture  was  heated  for  six  hours.  When  benzene  was  substituted  for 
ether,  the  reaction  also  failed.  When  toluene  was  used  as  a  solvent  and  the  quantity  of  mesityl  lithium  was  in¬ 
creased  from  two  to  eight  times  in  relation  to  the  trimcsityl  tin  bromide  (1  g);  from  this  substance  by  crystalliza¬ 
tion  from  toluene  a  colorless  crystalline  compound  which  did  not  contain  bromine  was  obtained.  Its  melting  point 
was  162*  and  its  tin  content  was  24.90'7o  'the  tin  content  of  trimesityl  tin  is  19.93 7>).  The  structure  of  this  compound 
is  being  ascertained.  The  replacement  of  ether  by  xylene  and  boiling  die  reaction  mixture  for  six  hours  led  to  the 
formation  of  a  tarry  predurt  from  which  it  was  possible  to  separate  only  the  starting  product— triinesityl  tin  bromide 

(1.8  g.  60 ’/o). 

Reactions  of  mesityl  sodium  and  mesityl  potassium  (obtained  in  the  usual  way  with  a  40-507o  yield)  with  trl- 
mcsiiyl  tin  bromide,  carried  out  successively  in  boiling  petroleum  ether  (70-80*  fraction),  benzene,  toluene,  xylene 
and  mesitylene  (with  heating  for  a  12  hour  period),  led  to  the  formation  of  products  consisting  of  the  starting  com¬ 
pound  (65-307'')  and  a  tarry  substance  from  which  it  was  impossible  to  separate  crystalline  compounds.  In  carrying 
out  tliese  reactions  we  of  course  took  into  account  the  possibility  of  the  migration  of  the  sodium  or  potassium  into 
the  side  chain. 

Synthesis  of  tfi-(2-methoxynaphthyl-l)  tin  bromide.  An  ether  solution  of  2-mcthoxy-l -naphthyl  magnesium 
bromide  was  prepared  in  the  usual  way  from  15  g  of  a-brom-3 -methoxynaphthalcne,  2  g  of  magnesium  and  anhy¬ 
drous  ether  (5  volumes).  To  the  organomagnesium  compound  there  was  added,  dropwise,  a  benzene  solution  (3 
volumes)  containing  6  g  of  tin  bromide.  After  being  heated  for  six  hours  the  reaction  mixture  was  decomposed  by 
water  and  107o  hydiobromic  acid.  The  ether-benzene  solution  was  washed,  dried  over  calcium  chloride,  and  the 
solvent  evaporated.  Crystals  were  obtained  from  the  remaining  material  (from  toluene)  with  a  melting  point  of 
221*.  The  yield  was  4  g  (437o).  ^ 

Found  '%  Sn  17.52;  Br  11.76;  OCH3  13.7.  CsaHjYOaSnBr.  Calculated  °]<k  Sn  17.71;  Br  11.93;  OCH,  13.9. 

Synthesis  of  tri-(2-ethoxynaphthyl-l)  tin  bromide.  With  the  same  relationship  between  reacting  components, 
tri-(2-etlioxyn3plithyf-l)  tin  bromide  was  prepared  in  an  analogous  manner.  Melting  point  217*  (from  toluene). 
Yield  387o. 

Found  %  Sn  16.48;  Br  11.13;  GCjUs  18.6.  CjgHjjOjSnBr.  Calculated  7^:  Sn  16.67;  Br  11.22;  OCjHj  19.0. 

SUMMARY 

1.  Experimental  proof  is  offered  to  show  the  impossibility  of  bonding  four  dioitho-substituted  aryl  radicals 
to  an  atom  of  tin. 

2.  We  have  shown  the  possibility  of  synthesizing  organotin  compounds  containing  three  diortho-substituted 
aryl  radicals  in  which  small  molecular  groups  (CH3,  CH3O,  C2H5O)  appear  as  substituents,  and  likewise  three  5- 
substituted  naphthyl  radicals.  As  is  apparent  from  theoretical  considerations,  aryl  radicals  which  do  not  contain 
ortho  substituents,  primary  alkyl  radicals  (even  those  with  a  large  and  long  side  chain)  and  secondary  alkyl  groups 
may  occur  in  these  compounds  as  fourth  radicals.  The  fourth  valence  may  also  be  occupied  by  halogen. 
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3.  We  have  given  theoretical  and  experimental  data  on  the  true  arrangement  of  three  mesityl  radicals  linked 
to  an  atom  of  tin  in  the  presence  of  a  fourth  non-mesityl  radical. 

4.  Fourteen  organotin  compounds,  not  previously  described  in  the  literature,  have  been  synthesized. 
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The  syntlicsis  of  polyorganosiloxanes  by  means  of  the  hydrolysis  or  co-hydrolysis  of  various  silicoorgaiiic  I 
monomers  gives  polymers  in  which  tlte  distribution  of  monomers  in  the  polymerized  molecule  has  not  been  deter¬ 
mined.  It  would  be  of  interest  to  work  out  methods  of  syntlresis  which  would  guarantee  the  formation  of  polyorgano- 
siloxnnes  with  fixed  or  regular  locations  of  the  molecules  in  the  chain.  At  the  present  time  there  are  no  methods 
wliich  permit  us  to  achieve  the  synthesis  of  polyorganosiloxanes  with  such  a  structure. 

The  present  work  is  an  effort  to  approach  a  solution  to  this  problem.  A  synthesis  of  polyorganosiloxanes  was 
outlined,  whose  polymeric  chains  would  be  constructed  of  atoms  of  silicon  and  oxygen  with  various  organic  groups 
alternating  in  given  order  about  the  silicon  atom.  It  was  proposed  to  accomplish  this  by  synthesizing  low  molecular 
weight  organosiloxancs  containing  alkoxy  groups  at  the  ends  of  the  molecular  chain,  with  tire  given  organic  radicals 
about  the  silicon  atom.  It  was  proposed  to  convert  these  compounds  iiito  polymers  by  heterofunctional  condensations 
or  other  methods. 

The  synthesis  and  separation  of  products  containing  from  two  to  four  silicon  atoms  in  the  molecule  and  various 
organic  groups  will  be  exammed  below.  The  synthesis  of  these  compounds  was  accomplished  by  heterofunctional 
condensation  reactions  [1-lJ  which  for  a  given  case  may  be  represented  by  the  following  equation. 

11'  R  R' 

I  I  I 

RiSiCH  f  2R.>Si(OR'')2  — >  IV'OSiOSiOSiOR"  2R"01 

I  I  I 

R'  R  R' 

By  the  aid  of  this  reaction  methylphcnyldichlorosilanc  was  condensed  with  dimethyldiethoxysilane,  with  methy 
phenyldiethoxysilane,  with  ethylphcnylcthoxysilane,  and  with  phenyltriethoxysilane.  Methylphenyldicthoxysilane 
was  also  condensed  with  mcthylphenylchloroethoxysilane  and  with  dichlorophenyldichloroethoxysilane.  In  all  cases  ! 
there  was  present  in  the  reaction  an  excess  of  alkoxy  producers  in  an  amount  sufficient  to  give  compounds  with 
functional  ethoxy  groups. 

In  studying  the  hcterofunctional  condensation  of  the  compounds  mentioned  above,  the  reaction  was  60-l(flo 
efficient  as  judged  by  the  quantity  of  ethyl  chloride  given  off.  However,  the  separation  of  individual  products 
presented  greater  difficulties  and  therefore  their  yield  did  not  exceed  47'^',  and  in  some  cases  was  only  13‘7o.  On 
separating  the  synthesized  Compounds  by  vacuum  distillation  the  still  residues  always  contained  non-distillable 
products  of  high  molecular  weight.  The  properties  of  the  compounds  synthesized,  separated  and  characterized  in 
these  experiments  are  shown  in  the  table. 
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Name 

Formula 

Boiling  point 
(pressure  in 
mm) 

</,» 

l,l,3-Trimethyl-3- 

phenyl-diethoxydisi- 

loxane 

CHjCHj 

C,H,oiloliOC,H, 

1  1 

CH,  c.Hs 

90-920(1.5) 

1.4432 

0.9576 

Pentamethyl-3-  phenyl- 
1, 5- die  thoxytrisi- 
loxane 

CHjCHj  CHj 

1  •  1 

CjHjOSlOSl  0  S10C,H» 

107-110(1) 

1.4484 

0.9850 

Hexamethyl-3 .5-di¬ 
phenyl-  1 ,7-diethoxy- 
tetrasiloxane 

cn,  cn,  CH,  CH, 

1  1  1  1 

CjHjOSJ  0  SI  0  SI  0  Si  0  C,H, 

1  1  1  1 

CH,  C,H,C,H,CH, 

145-148(1) 

1.4660 

1.0081 

1, 3- Dime  thy  1-1.3- 
diphenyldiethoxy- 
disiloxane 

CH,  cn, 

I  >  1 

C,H,0S10S10C,H, 

1  1 

C,H,‘C.H, 

119-120(0.02) 

1.4931 

1.0251 

1 ,3 ,5-  Trimethyl- 1 ,3 ,5- 
triphenyldiethoxytri- 
siloxane 

CH,  CH,  CH, 

1  1  1 

CjH.OSl  0  Si  0  Si  0  C,H, 

1  1  1 

C.H,  C.HsCcH, 

153-156  (0.15) 

1.5020 

1.0535 

1 ,3,5 ,7-Tetramethyl- 
tetraphcnyl- 1 ,7-  die- 
tlioxytetrasiloxane 

CH,  CH,  CH,  CH, 

1  1  1  1 

CiH.OSl  0  Si  0  SI  0  Si  0  C,H, 

1  1  1  1 

C,H,C„H,(:oH.C.H, 

202-205(0.02) 

1.5101 

1.0902 

1-  Methyl-3-  ethyl- 1 ,3- 
diphenyldiethoxydisi- 
loxane 

CH,  C,H, 

1  1 

CjHjOSi  0  SiOC,H, 

1  1 

C.  H,  C,H, 

158-160(1) 

1.5020 

l.a500 

3-  Methyl- 1 ,5-  diethyl- 
triphenyI-l,5-die- 
.  thoxytrisiloxane 

C,H,CH,  C,H, 

1  1  1 

CjHjOSl  0  Si  0  Si  0  C,H, 

1  1  1 

C,H,C,H,  CoH, 

179-182(1) 

1.5113 

1.0614 

1,5-Dimethyl-l  ,5-di- 
phenyl-3-ethoxy-3- 
dichlorophenyldie- 
thoxytrisiloxane 

CH,  OC,H,  CH, 

CjHjoli  0  Si  0  il  0  C.H, 

1  1  1 

C.H,  C.H, Cl,  C.H, 

92  (0.008) 

1.5286 

1.2137 

1 ,5-Diethoxy-3- methyl 
1 ,3 ,5-  triphenyl- die- 
thoxytrisiloxane 

-1  C.H.O  CH,  OC,H, 

1  I  > 

C,H,OSI  0  Si  0  S10C,H, 

1  1  1 
C.H,C.H,C,,H, 

147-150(0.008) 

1..5012 

1.0949 

The  formation  of  l,l,3>trimethyl-3-phenyldiethoxysiloxane,  1 -methyl -3 -ethyl -1 ,3- diphenyldiethoxydisiloxane, 
and  also  hexamethyl-3,5-diphenyl-l,7-diethoxytetrasiloxane  may  be  explained  by  the  regrouping  of  functional 
groups.  In  order  to  confirm  this  the  hcterofunctional  condensation  of  trimethylethoxysilane  with  methylphenyldich- 
lorosilane  in  a  molar  ratio  of  6: 1  was  carried  out,  as  a  result  of  which  trimethylchlorosilane  and  methyl phenyldieth- 
oxysilane  were  separated  out.  Consequently  the  reaction  went  as  follows 


6(Cn3)3SiOC2H,  4-  CllaCcI I^SiCli 
->•  2(CH3)3SiCl  4-  CH3C6H5Si(OC2H.4o  4-  4(013)381(002113). 


The  production  of  1  ,l,3-trimethyl-3-phenyldiethoxydisiloxane  is  explained  by  the  formation  of  methyl- 
phenylethoxychlorosilane  in  the  first  stage  of  the  reaction. 


(CH3).>Si(OC2ll5)2  -f  OlaCsHsSiCla— 
CH3CoH3Si(OC2H5)Cl  +  (OyaS-KOCoHslO 
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Mctliylplienylethoxychlorosilanc  further  enters  into  the  reaction  by  condensation  with  a  second  molecule  of 
dimeihyldiethoxysilane  (present  in  great  excess). 

CH3Ccll5Si(OC2H5)Cl  -I-  (Cn3)2Si(OC2iy2-^ 

CIlaCcHsSiOSiiCIfala  Cancel 

H5C2O  OC2H5 

EXPERIMENTAL 

rhe  licterofunctional  condensatinu  reactions  were  carried  out  in  a  three-necked  flask  equipped  with  a  stirrer, 
a  thcrnioinetcr,  a  droppuig  funnel  and  a  reflux  condenser.  The  condenser  was  connected  to  two  traps  placed  in  li¬ 
quid  nitrogen  for  the  recovery  of  ethyl  chloride.  Anhydrous  iron  chloride  served  as  a  catalyst:  the  amount  was 
0.05-0.1  percent  of  tlic  weight  of  the  starting  reagents.  Tlie  reaction  was  carried  out,  with  stirring,  for  about  a 
period  of  four  to  six  hours  at  tlte  given  temperature  and  then  the  reaction  mixture  was  filtered  off  from  the  iron 
chloride  and  distilled  in  vacuum.  The  interaction  of  trimeihylethoxysilane  with  metliylphenyldichlorosilane  was 
carried  out  in  the  flask  of  a  rectification  column  with  an  efficiency  of  seven  theoretical  plates. 

The  heterofunctional  condensation  reaction  of  trimeihylethoxysilane  with  methyl phenyldichlorosilane.  In 
the  flask  of  a  rectification  column  were  placed  53.1  g  of  trimethylcthoxysilane,  14.32  g  of  methylphenylchloro- 
silane  aiid  0.07  g  of  FeCl3.  After  heating  for  four  hours  at  79-81*,  the  low  boiling  products  were  distilled  off.  The 
following  fractions  were  obtained. 

1st.  b.p.  57*  (6.6  g).  Given  [5]:  b.p.  57.5,  57.3*. 

round  7^:  Cl  32.59;  Si  26.18.  CaHgSiCl.  Calculated  %  32.69;  Si  25.81. 

2nd.  b.p.  75-76*,  nD^®  1.3745.  Given  [5]:  b.p.  75*,  nD^®  1.3741. 

l•oulK!  7';  OC2H5  37.87.  Cjlli^OSi.  Calculated  7°:  C)C2H5  38.13. 

The  residue  v;as  distilled  from  a  V/urtz  flask.  A  product  weighing  11.6  g  was  obtained  which  had  a  b.p.  of 
220*,  iiD^®  1.4710.  Given:  b.p.  221.5*. 

l-ound  7o:  Si  12.47;  OC2H5  40.93.  Mol.  wt.  192.  CuHiaOjSi.  Calculated  7^:  Si  13.33;  OC2H5  42.85.  Mol. 
wt.  210. 

1 ,1 ,3-Trimethyl -3-phcnyldicthoxydLsiloxane  was  obtained  from  114.6  g  of  metliylphenyldichlorosilane, 
355.2  g  of  dimctiiyldiethoxysilane  and  0.5  g  l'cCl3  by  heating  for  four  hours  at  108-109*.  Yield 

Pound  7o:  Si  19.30;  OC2H5 31.72.  Mol.  wt.  279.280,  MJlp)  78.59.  C,3H2403Si2.  Calculated  %  Si  19.72; 
OC2H5  31.69.  Mol.  wt.  284,  MRq  79.89. 

P^ntan^ethyl-3-phenyl-l  .5-diethoxytrisiloxane  was  obtained  from  114.6  g-of  methyl  phenyldichlorosilane, 
355.2  g  of  dimetnyldicthoxysilane  and  0.5  g  PeCf^'dn  heating  for  four  hours  at  108-109*.  Yield:  387<>. 

Pound  7o:  Si  23.67;  OC2H5  24.55.  Mol.  wt.  350;  359,  MRjy  97.40.  Ci5H3oQiSi3.  Calculated  7o;  Si  23.57; 
OC2H5  25.13.  Mol.  wt.  358,  MR^  98.59. 

Hcxamethyl-3,5-diphcnyl-1.7-dicthoxytetrasiloxane  was  obtained  from  114.6  g  of  methylphcnyldlchloro- 
silane,  355.2  g  of  dimcthyldiethoxysUane  and  0.5  g  PeCl3  by  heating  for  four  hours  at  108-109*.  Yield  187®. 

Pound  7o:  Si  22.69;  OC2H5  18.10.  Mol.  wt.  492;  488,  MRp  135.79.  C22H3806Sij.  Calculated  %  Si  22.67; 
OC2H5  18.21.  Ml)  494,  MRd  137.42. 

obtained  from  20  g  of  methylphenylchloroethoxysilane, 
84  g  of  methylpiienyldiethoxysilane  and  6.05  g  of  PeCl3  by  heating  for  four  hours  at  122-150*.  Yield 

Pound  7o:  Si  16.07; ■OC2H5  25.56.  Mol.  wt.  326,  MRj)  98.08.  Ci8ll2s03Si2.  Calculated  7*^:  Si  16.80;  OC^Hj 
26.01.  Mol.  wt.  346,  MRq  100.2. 
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1.3.5- Triniethyl-l  ,3,5-iriphcnyldieihox)'trisiloxane  was  obtained  from  47.7  g  of  methylphenyldichlorosilane, 
210  g^f  methylpjficnyldiethoxysilane  and  0.13  g  of  FeClj  by  heating  for  six  hours  at  135-160*.  Yield  427o. 

Found  Si  17.60;  OC2H5  18.36.  KIR^  135.6.  CjgH^O^Sia.  Calculated  7=:  Si  17.42;  CXjUg  18.67.  MRp 

138.5. 

l,3,5,7-Tetranicihj^ltetraplicnyl-l,7-dieihoxytetrasiloxane  was  isolated  from  the  preceding  experiment. 

Yield  Tr/o.  ~ 

Found  7o:  Si  18.31;  OCjHg  15.30.  KIRp)  169.5.  €321142055x1.  Calculated  7o:  Si  18.12;  OCjHj  14.56.  MRq 

169.3. 

1 -Methyl -3-cthyl-l,3-diphcnyldiethoxydisiloxane  was  obtained  from  95.5  g  of  mctliylphenyldichlorosilane, 
448  g  of  cthylphenylcthoxysilanc  and  6.54  g  of  FeClg  by  heating  for  four  hours  at  103-104*.  Yield  137i>. 

Found  Si  14.81,  OCjHj  25.02.  M  352.  MRp  101.15.  CigHisOaSij.  Calculated  7o:  Si  15.55,  OCjHg  25.0. 

M  360,  MRp,  104.67. 

3-Mcthyl-l  ,5-diethyltriphenyl-l  ,5-diethoxytrisiloxanc  was  obtained  from  95.5  g  of  methylphenyldichloro- 
silanc,  448  g  of  ethylphcnyldiethoxysilanc  and  0.54  g  of  tcClg  by  heating  for  four  hours  at  102-104*.  Yield  357’. 

Found  70:  Si  16.3;  OCjHg  18.87.  Mol.  wt.  528,  MRp  146.70.  €27113504513.  Calculated  7o:  Si  16.47;  OCjHg 
17.51.  Mol.  wt.  510,  MRp  148.15. 

1 .5- Dimethyl -1 ,5-diphenyl-3-ethoxy-3-dichlorophenyldicthoxytrisiloxane  was  obtained  from  58  g  of  dichloro 
phenyldichlorocthoxysilane  and  126  g  of  methylphcnyldiethoxysilane  in  the  presence  of  0.09  g  of  FeClg  by  heating 
for  four  hours  at  122-150".  Yield  357o. 


Found  70:  Si  15.04.  Mol.  wi.  595,  MRp  143.6.  C26H3405Si3Cl2.  Calculated  7o:  Si  14.48.  Mol.  wt.  580, 

MR,j  141.9. 

1 ,5-l)icthoxy-3-methyl-l  ,3,5-triphenyldiethoxytrisiloxanc  was  obtained  from  19.1  g  of  methylphenyldichloro- 
silane  and  72  g  of  phcnyltriethoxysilane  in  the  presence  of  6.09  g  of  FCCI3  by  heating  for  four  hours  at  130-15’'*. 
Yield  29'7o. 

Found  7n:  Si  15.96;  OC2*l5  36.35.  Mol.  wt.  580,  MRp  145.9.  €27113305513.  Calculated  7<?:  Si  15.49,  OCjHg 
33.2.  Mol.  wt.  542.  MRp  147.7. 


S  U  M  M  R  Y 

1.  a,  a>cthoxyalkylarylsiloxancs  of  linear  structure  and  containing  2-4  atoms  of  silicon  in  the  molecule 
have  been  synthesized. 

2.  1, 5-Dimethyl -1 ,5-diphenyl -3-cthoxy-3-dichlorophenyldicthoxytrisiloxane  and  l,5-dicthoxy-3-methyl- 

1,3,5-triphenyldiethoxytrisiloxane  were  obtained. 
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COMPLEX  ORGA  MOS  IL  ICON  ESTERS  OF  ACRYLIC 
AND  MET  HA  CRY  Lie  ACIDS 

I.  SYNTHESIS  OF  MONOMERS 

D.  N.  Aniirccva  and  E.  V.  Kukharskaya 

Institute  of  Silicate  Chemistry,  Academy  of  Sciences  of  the  USSR 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  8, 
pp.  2782-2784,  August,  1960 
Original  article  submitted  July  29,  1959 

Organosilicon  derivatives  of  acids  of  the  acrylic  series,  containing  the  ^SiOCOC(R)  =  CH^ grouping,  have 
only  been  described  in  patents.  In  one  of  them  [1]  complex  organosilicon  esters  of  unsaturated  acids  of  the  general 
formula  (RCH  =  CR'(}00)j^M{R'’)y  are  described.  In  this  case  R  and  R'  are  atoms  of  hydrogen  or  hydrocarbon  radical! 
R"  are  halogen  atoms,  and  M  are  atoms  of  silicon,  tin  or  some  other  tetravalent  element.  In  another  patent  [2],  it 
is  pointed  out  that  by  the  interaction  of  tctracthoxysilanc  with  methacrylic  acid,  tricthoxysilylmethacrylate  is  ob¬ 
tained  wliich  is  capable  of  being  polymerized  in  the  presence  of  benzoyl  peroxide,  and  also  of  forming  copolymers 
v/ith  vaticus  unsatunted  organic  compounds  (styrenes,  acids  of  the  acrylic  scries,  vinyl  esters,  etc.).  Recently  the 
synthesis  and  polymerization  of  complex  organosilicon  esters— derivatives  of  methacrylic  acid  containing  the 
}”SiCH2(X:OC(R)  -  CHj  grouping  have  lx;cn  described  [3-5], 

Previously  we  had  described  complex  organosilicon  esters  of  propionic  and  isobutyric  acids,  which  were  ob¬ 
tained  by  the  interaction  of  the  sodium  salts  of  these  acids  with  alkylchlorosilanes.  In  this  way  we  obtained  their 
unsaturated  analogs;  complex  organosilicon  esters  of  acrylic  and  methacrylic  acids  [6] 

R.-xSiCU  -l-:rMOCOC(a')=CH2  ->  R,_^Si  f()COC(n')=r-.CHJ, 

where:  R  =  CH3  or  C2H5;  R'  =  H  or  CH3:  M  is  an  alkali  or  alkaline  earth  metal. 

The  ionic  character  of  the  Si-Cl  bond  makes  it  possible  to  carry  out  this  reaction  in  ordinary  nonpolar  sol¬ 
vents  (benzene,  petroleum  etlicr,  etc.)  and  to  obtain  complex  esters  with  yields  of  30-70%.  In  carrying  out  the 
analogous  reaction  with  organosilicon  compounds  containing  an  atom  of  halogen  in  the  a-position,  it  is  necessary 
to  conduct  the  reaction  either  under  pressure  at  180*  [5],  or  in  the  presence  of  a  strongly  polar  solvent  (dimethyl- 
formamide)  to  which  is  added  the  corresponding  free  unsaturated  acid  [3], 

All  the  complex  esters  obtained  slowly  polymerize  on  heating,  and  therefore  in  carrying  on  the  synthesis  it  is 
necessary  to  introduce  polymerization  inhibitors  (hydroquinone,  picric  acid,  etc.)  into  the  reaction  mixture.  Mono¬ 
mers  that  contain  triacrylic  or  methacrylic  radicals  in  tlie  molecule  show  a  particularly  great  tendeney  to  autopoly 
merization.  These  compounds,  which  are  low-melting  crystalline  substances,  could  not  be  obtained  in  pure  form 
by  fractionation  in  vacuo.  They  were  separated  out  by  freezing  at  low  temperatures. 

Simultaneously  witlt  the  method  of  synthesis  described  above,  a  second  method  of  obtaining  these  esters  was 
examined.  It  is  based  on  the  reaction  of  alkylchlorosilanes  with  acrylic  and  methacrylic  acids. 

R^_,Sia,-l-a'lIOOCC(U')=CIl2  ->  R,_^SiIOCOC(R')  =  CIl2l,-f  xlICl. 
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Name  of  the  ester 

Formula 

Boiling 
point  Cptes- 

surc  in  mm) 

Melting 

point 

Trimethylsilylactylate 

(Cll3)3SiOOCCll=CM2 

53-54°  (62) 

— 

0.8939 

1.4112 

Triethylsilylacrylaie 

(C2ll5)3SiOOCCH=CIl2 

77-78(14) 

— 

0.9014 

1.4332 

Dime  thy  Isilyldiacry  late 

(Cll3)2Si(OOCCll=-CIl2)2 

80-91  (10) 

— 

1.0475 

1.4340 

Diethylsilyldiacrylate 

(C2n3)2Si(ooc(:ii=cii2)2 

113-114(13) 

— 

0.9951 

1 .4353 

Methylsilyl  triacrylate 

cii3Si(Oocc;ii=cii2)3 

— 

15-18° 

— 

— 

E  thy  Isilyltriacry  late 

C2ll5Si(OOCCll=-Cll2)3 

— 

21 

— 

— 

Trimethylsilylmethacry- 

(CIl3)3SiOOCC{Cll3)=CH2 

51-51.5  (20) 

— 

0.8898 

1.4131 

late 

Trie  thy  Isilylmethacry- 

(C2H5)3SiOOCC(Cll3)-CIl2 

65—65.5(6) 

— 

0.9058 

1.4390 

late 

Dime  thy  Isilyldimeth- 

(C!l3)2SilOOCC{Cll3)=-Cll2)2 

96-98(7) 

25-26 

1.0070 

1.4390 

acrylate 

(C2H5)2SilOOCC(Cfl3)-Cll2]2 

Diethylsilyldimcthacry- 

125-128(19) 

— 

0.9907 

1.44.30 

late 

Methylsilyltrimethacry- 

cn3Si(oocc(cii3)=cii2i3 

— 

34-36 

— 

— 

late 

Ethylsilyltrimethacry- 

late 

C2ll5SilOOCC(CIl3)=:Cll2l3 

1 

16-18 

1.4303 

However,  tlie  yields  of  monomers  in  this  case  are  significantly  lower  than  in  the  first  method. 

These  complex  esters  are  either  colorless,  clear  liquids  or  crystalline  substances  with  low  melting  points. 

They  arc  all  easily  hydrolyzed  by  water.  The  tendency  to  hydrolysis  increases  with  an  increasing  number  of 
of  acyloxy  groups  in  the  molecule.  Esters  that  contain  one  acyloxy  group  have  a  camphor-like  odor.  Esters  with 
two  or  three  acyloxy  groups  have  the  usual  odor  of  the  corresponding  unsaturated  acids,  which  is  due  to  the  slight 
hydrolysis  of  these  esters  by  the  moisture  in  the  air.  Data  on  tlic  twelve  complex  esters  that  were  synthesized  ate 
presented  in  the  table. 

Comparison  of  the  constants  of  the  complex  monomeric  esters  of  the  corresponding  saturated  [6]  or  unsaturated 
acids  permits  one  to  conclude  that  the  introduction  of  a  double  bond  into  the  aied  radical  causes  a  significant  in¬ 
crease  in  the  specific  gravity  and  the  index  of  refraction  of  the  esters,  but  it  has  little  effect  on  the  boiling  point. 
The  general  laws  for  the  change  of  the  constants  of  these  esters  when  ethyl  groups  are  substituted  in  place  of  methyl 
radicals  have  been  published  previously  [61 


EXPERIMENTAL  SECTION 

The  synthesis  of  complex  organosilicon  esters  of  acrylic  and  methacrylic  acids  was  carried  out  by  a  previously 
described  method  [61  The  dry  salt  of  the  unsaturated  acid,  a  dry  solvent  (benzene  or  petroleum  ether)  (200-250  ml 
per  g  mole  of  salt)  and  0.5-1. 0  g  of  inhibitor  (hydroquinone  or  picric  acid)  were  introduced  into  a  flask  equipped 
with  a  mercury  seal,  a  mechanical  stirrer,  a  dropping  funnel  and  a  reflux  condenser  attached  to  a  Tishchenko  flask 
containing  concentrated  H2SO4.  Alkylchlorosilane  was  added  (0.5-0.6  g-mole  per  mole  of  salt)  through  the  dropping, 
funnel  and  the  mixture  stirred.  The  flow  was  adjusted  so  as  not  to  cause  vigorous  heating  of  the  mixture.  The  reac¬ 
tion  was  completed  by  stirring  the  reaction  mixture  at  room  temperature  for  from  20-40  hours.  The  solution  was 
separated  from  the  solid  salt  by  rapid  filtration  through  a  porous  glass  filter.  A  small  quantity  (0. 5-1.0  g)  of  inhibitor 
was  added  to  the  filtrate,  the  solvent  was  evaporated  at  room  temperature  under  the  vacuum  of  a  water  pump,  and 
the  remainder  was  fractionated  in  vacuo. 

The  complex  esters  containing  three  acyloxy  groups  were  separated  out  by  freezing  at  -50  to  -80’  and  filtra¬ 
tion  of  the  crystalline  substances  at  the  same  temperatures.  In  carrying  out  all  these  operations  it  is  essential  to 
avoid  prolonged  contact  of  the  materials  with  moist  air.  The  yields  of  monomeric  esters  varied  from  30  to  IQPh. 

The  determination  of  silicon  was  accomplished  by  the  mineralization  of  a  batch  of  the  polymer  (obtained 
from  the  monomer)  by  a  mixture  of  concentrated  H2SO4  and  HNO3.  The  molecular  weights  of  the  monomers  were 
determined  by  the  cryoscopic  method  in  benzene;  the  esterification  numbers  were  obtained  by  the  saponification 
of  the  monomers  by  a  solution  of  caustic  potash  in  diethylencglycol. 
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leld, 

1o 

1  1 

I 

V,  SI 

found 

calc. 

calc.  1 
1 

found 

calc. 

44.2 

40.07 

39.83 

135, 

138 

144.22 

393,  397 

389 

19.11, 

19..57 

19.44 

28.2 

53.73 

53.72 

184, 

185 

186.29 

294,  296 

301 

15.15, 

15.09 

15.08 

37  2 

49.75 

49.38 

204, 

206 

200.24 

557,  557 

560 

13.20, 

13.33 

14.01 

45.3 

59.90 

58.64 

222, 

224 

228.29 

487,  4S9 

491 

12.21. 

12.16 

12.29 

23.1 

— 

— 

- 

- 

256.26 

648,  643 

6.56 

11.12, 

11.41 

10.94 

30.4 

— 

— 

- 

- 

270.28 

601 

622 

10.69, 

11.02 

10.38 

53.2 

44.34 

44.46 

162, 

183 

158.24 

352,  350 

354 

17.08, 

16.95 

17.73 

54.9 

58.16 

58.35 

210, 

215 

200.32 

284,  287 

280 

13.9.5, 

13.78 

14.01 

67.4 

58.74 

58.64 

210, 

239 

228.29 

493,  494 

491 

12.11, 

12.18 

12.29 

27.9 

68.58 

67.90 

257, 

258 

256.34 

435,  4.35 

437 

10.97, 

11.02 

10.94 

32.4 

— 

— 

316 

298.33 

569,  572 

564 

9.04, 

8.91 

9.39 

37.1 

— 

— 

307 

312.34 

536,  538 

538 

8.78, 

8.96 

8.9S 

SUMMARY 

Prom  the  reaction  of  salts  of  acrylic  and  methacrylic  acids  with  methyl-  and  ethylchlorosilanes,  12  complex 
organosilicon  esters,  not  previously  described  in  the  literature,  were  obtained.  It  has  been  determined  that  these 
esters  arc  capable  of  polymerization. 
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SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FIAN 

Phys.  Inst.  Acad.  Sci.  USSR. 

GDI 

Water  Power  Inst. 

GITI 

State  Sci. -Tech.  Press 

GITTL 

State  Tech,  and  Theor.  Lit.  Pre^ 

GONTI 

State  United  Sci. -Tech.  Press 

Goseneigoizdat 

State  Power  Press 

Goskhimizdat 

State  Chem.  Press 

GOST 

All-Union  State  Standard 

GTTI 

State  Tech,  and  Theor.  Lit.  Press 

IL 

Foreign  Lit.  Press 

ISN  (Izd.  Sov.  Nauk) 

Soviet  Science  Press 

Izd.  AN  SSSR 

Acad.  Sci,  USSR  Press 

Izd.  MGU 

Moscow  State  Univ.  Press 

LEIIZhT 

Leningrad  Power  Inst,  of  Railroad  Engineering 

LET 

Leningrad  Elec,  Engr.  School 

LET  I 

Leningrad  Electrotechnical  Inst. 

LETIIZhT 

Leningrad  Electrical  Engineering  Research  Inst,  of  Railroad  Engr. 

Mashgiz 

State  Sci.-Tech.  Press  for  Machine  Construction  Lit. 

MEP 

Ministry  of  Electrical  Industry 

MES 

Ministry  of  Electrical  Power  Plants 

MESEP 

Ministry  of  Electrical  Power  Plants  and  the  Electrical  Industry 

MGU 

Moscow  State  Univ. 

MKhTI 

Moscow  Inst.  Chem.  Tech. 

MOPI 

Moscow  Regional  Pedagogical  Inst. 

MSP 

Ministry  of  Industrial  Construction 

Nil  ZVUKSZAPIOI 

Scientific  Research  Inst,  of  Sound  Recording 

NIKFI 

Sci.  Inst,  of  Modern  Motion  Picture  Photography 

ONTI 

United  Sci.- Tech.  Press 

OTI 

Division  of  Technical  Information 

OTN 

Div.  Tech.  Sci. 

Stroiizdat 

Constmetion  Press 

TOE 

Association  of  Power  Engineers 

TsKTI 

Central  Research  Inst,  for  Boilers  and  Turbines 

TsNIEL 

Central  Scientific  Research  Elec.  Engr.  Lab. 

TsNIEL-MES 

Central  Scientific  Research  Elec.  Engr.  Lab.- Ministry  of  Electric  Power  Plants 

TsVTI 

Central  Office  of  Economic  Information 

UF 

Ural  Branch 

VIESKh 

All-Union  Inst,  of  Rural  Elec.  Power  Stations 

VNIIM 

All-Union  Scientific  Research  Inst.  ofMetrology 

VNIIZhDT 

All-Union  Scientific  Research  Inst,  of  Railroad  Engineering 

VTI 

All-Union  Thermotech.  Inst. 

VZEI 

All-Union  Power  Correspondence  Inst. 

Note;  Abbreviation  not  an  iliii  list  and  not  explained  in  the  translation  have  been  transliterated,  no  further 
Information  about  their  significance  being  available  to  us.  —  Publisher, 
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